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Introduction 4**Ji*]\ 1.1 

J-J hill jLaJ ]\ A^AiJ Vj^i ' j* -^j* Ulj^ ^ajijo 4^1^. Ajjji "i-Lu^lj 4-^1. 'i 199lAi-s 4jjU11 

**1 uJ j 4* tull (Depleted Uranium) Jii u^Jl jl ■ jiin'mW ijuul jjjII £jLa k5 Jt '^1 jjiV 

( 99.28% U 238 , 0.72% U 235 , ^L_S ^j ^ajJJI ^ jd j jjU 4j>Liull *jijJl J 

^j ^.1 jjJ jj-h urt^j— " lSj^ j! j e j^> ^ J*« U 234 Jd^ 1 J LJt -0.006% U 234 ) 

j^ij i-i^il *ja jt « i.:.fn jl yWill jli <£U(99.8 % U 238 , 0.2 % U 235 , 0.001 % U 234 ) 
.(who, 2001) D U wj^UI f jJ jjJ jk- ^>^ JujiS-Ldl ij»ji» J ^1 

■L-ii laijJI ^j^jljjjil p 4jj« ^jli u-jjijl -liL Jn Lljl j^luj jJoC- ■■ A*, ,j^i jit ^>il . -J& jj 

j ij sj Z*h*i!i -^jl JLJJL ,j£ LJS ^_jllill * LIS J^l j^Ji jiJU aid ti_J_jl]aAJl aLqoA^U JaU *J 

^i Vjj1jj^*n j^a aCrjJ ja *-aJj . U-i£- aidj 1 Jj^Lil jIajI j aj^jIjjjII «j^ij ^L i-^-V ijjjL^Jl 
w U SjljI ^ic- J. n-fc La idLJii j^Jd tg *nVl j^L-alj^ LcLaJ ^J^IlLl (j* 4^^* pJbS^U ^jU AilaUl 

ALi' lL Ajj^ jJ IjA ^3i ^J^- >H^ ^J t^gllj^i i ■ rtll J^"i i-'i j agjju g^Jil t rtfl J ;'i !-!"■"■ Lu 

jj_^j jjil ^Vl V* JaJl -Uj^ Cil*l jiVl ^i2 jJj JqIS^j ^2i jaJ ^it 4jjL£1! JjQi] 
La jJjA ,_)* pX- jll ^^Jc ,J_jllal_^aJI ^J ^jJajsuJ La JLji jjjJ-«tJA V'ilaAJI j ^LfcLiJ ^jqJ ^jb f'LiJaJ^fl 

^j" -'' J— ^5' T— ^ ^ ft*w-iAjl jJ^aLLaJ 1 ! j f-LaisJl Jj-4 JjJaJ 1 ! iJLjI j^kaJ Jja- a^ _j-SI i ^Jt j -J-l-li 

Jilu uj \ 4i) j *^JLaJl JjaJl iUij ^i*-fl i ^ jV>iV j'U-^St ^J& JlS^J ^'lA -U*it 4jj*Jj* 

j 1 =Jul J It j Ijj J] LjLjajS ^Lujj j_Joa jA_^ tajjjl j_jJ^ y , ijniVi AjLftD J^c AijLHl Ajj^jII 

^ 1J AjdLk ij -LaJC- JSJj ^j£- J£iJU_J ^j^mB ilb Li_^la t*JilS ^-fil jiib JJaJU Jil^ ^ij^iJ 

a j -^1 j: _iJ' "ej J^J jl -V'-. ^'. riT .-, j' ^jjS-hJtSI j ^UaLJI jJjLO ^AlJJ .Cj^ ^ajLSJI LIjI^j^ 



ia^Lj aJ ,/p *LftaJjB JjjLll j'ul JSuii i^^ ,J^J1 ^JJU^LJ Ifcjljl J j^fljjj^ J iJ^Li l ■ b alflM 

^aj$ ^Ji^ jjuajl JjtSjil jjLaji JutuLi i^iNI ni.fi h^" 1 ] *Ua_^aJ dLaJI j ^L?jJl JdJ-l= 0^ J^VLi 

1^4Ja*iJ i jiriinU ^Jgjl jjgfl "ij^iJ ^UtwL ujQI 2.1 

^^ 11 ^_j£jj*V1 £lilll I J jj CijJsLJal AjjIjII g-alaJ ljj* y^ 6* (** J^ ^^ ^H 

4 uiull j p iJ-lU aJl^uJh L-ulJ^Ll pj^J] CjLJajflU _jll ^lidl ^ 1 --^ -UajLk j& ^^Sil 

ajjjl jj^B jLiijl Aibl* Jj4*Iuj tAjSjj-ii 1 ! lU jjUaJlj LIjLjLjASiI t|jflUal ^JUI L i ^ ^V^H ajjjl jj^IL 

j — a J& jjia. (Christian Science Monitor) *iij&- Ljj>1j ^ iijLaJ 0.2* ^i l>;V'*U 
e'i ijLj a j hdjll ^^ii ij^a 1 ^ J* JljaI jj .(Fahey, 2000) -UijjmHj Cu^SJl J*-^l J^ j*ll 

^ 11 X i-i jiil r>jjik AJj-4 ^j-a Wj^ ^" ^ AjJjslJ -jhia. jJl % is_«k-aj * J ;^°' 1 '' Aiicjil Jjii 

J gj£ L- Li aiftM ajjjl jjj L-iuljAl *liiaJ Cj^j3 -^ ^* ' ,Jj4 j^- jj' Jt- CjjjSJ 1 ! ^_Jjt j S j^-aJi 

Jj^j j'i - ^ flll ^jpc i "" J r- j n ^ ^ ,i ■ "nj j^ij-a _?*jj T ,J ''"^ 1^ V^ J Jil Jkftl j^jtlll jSj-all ^'ljjit jJluI J3j 
j jil ^^JJ-*! 4t jift 3 J* ^ J* '^Sd^ 1_j1qjJJ ,jJi MJ>V ^Jaj'LaJ ^ \ *-fr j (,Jj^' l< ^ J jjj ^-4lJill 

1998 ^lc ^ tjlcl -a JSj-JI jISj ,-UjUajjJl CjI jU Jja Ja ^jjuIjjJ ^jIj5 tpLU ^51>qj 

^a'lj &l ^ t nS ^i >i*iU ijia'-lil jj!k-l j j*J^ JJ^ lIjI&Lu^ 1 juJa jkJ l-JjIajo -jll 400 _^aJ w 'i 

^ kaJ a'i *1 Lj iJajsJ LuflLul Cjj^k-a ^1^ -UajbaJl jb i i SjjA % "]\ Jjj^UIjII ^ ^jUtl ^Jji 

L_3 1 Salfcll ^4 -ul j_jJ'l jLuyQi^ AJ 1 J-* ^j& Jiuald ^i_jl pj£j ^ '^-il_J 4-La ! ^ ."^.^^ ^uud'uL ^iajSi 

.(Al-Azzawi etal, 1999) 

* S - HI ^ JiliLcdl ^ji-h ■ ^-iH jjjliull LLJl^juCrj Aj jS ■ iit D j 4jih1\ j. AjaUIi Cj'J j^illj 'LpJ'i 

CjIj—ij^- 4 k - J I st 1 J ? ^UjjJI '-C^. 1 ,^- j^ ^4^J^ ^jjjubll jVl . --^ 1^ j jLftjll w <- -bii L *.^ H ' 

J VJ tUj uiJ jLS uJ^ ALU ijLLlft ^j 4jJja-uJlj iJjjjSJI-j jl j*Jl Jjj ^Jtaijjl ^Sui\ Aiial* 



j± a o» ^^jjl j^ilLi -i^liJl 



J^SllJ^I 



lib 40 ^iJ CJja 4jIj5 jl ijSjjioVI AjjSuuuJ^ jjL-ftJl CjjJ5 ja^I ^jL ^Ja * j^acil l^-ki 



ELS ijJ ■ ■ Uifc l| iSJ J^ jail j CujSll ,jja ^AjuiLl ^J-ia'j-* j*fl alfc-J^j. liMll pj^jljjjll Jj-4 ^jYl ^aJ 

j SI ji a j ji & j j la 300 ^ 11 r 9 ^^ "—^J *4*^ e -^ UJ 1 rt "* "^ ^jjjjSmwlt j «LJaJ 

^_£jill jSjiQ^ (Greenpeace) ji-bajyi jOLJi Ju>±i* j* J£ Lj^pS Liiu *(Busby 9 2001) 
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>■; - 28 yil 24 4> sj*^ (*\j2l*j2i'\ 4^dlf ) AjjL^I JjSsJI ^jjjk CaUlj& J^iijd (1-1) ^aj.>aJi 

.(Fahey, 2000) 1991 



j H _,. ji= (700-800) ^ 



j (Stichting LAKA) ^-^Jj^Jl 



jl>Jj "^jj ■ -- ■;!■*- Jl UUU CjUWI l^jk- Ljji ^1 LJJiJ ^U jL (2003 ijjtjLdl) 
J-s *JJj£JI CjLaSII jl ^il ^Cj^ill i _ \h/fu JJiL_J ^ , lji 1 ^ jAj ^jiojajSI jjjJ *Uij i*UiL«ul j ^julLlLI 
<jl j *JI iJ-iajl ^it 4-1UJ i^jLdlSdtJl Lola* IjJ JjjSjih ^1 J*Jt ^ ^-^j5 .^ h J' rt'^B ,*j^jI j^jll 

- J ' jjSB Jrtunl JU-71 L^ll4 J) JauHi-i &jG Jli f 1 j -H jbc. **_jjuj r^ 1 ^Sja J*ij 

.(Fahey, 2000) ^ii 
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j± a o» ^^jjl j^ilLi -i^liJl 



J^SllJ^I 
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o 
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Lix Ja 30 ,jt ^jjj L* ^1 270 mrad I hCjxlx ^Ui^l jaLiiit kju*j J t&jjSJull Jj^i-ill 

j-k- AajmjLI jJa'j-4 JjP* '^ jA j ^Jj_jj^ <£-Lki all J Jj^La'jJl AjJJ ,jjaja^ ^jl ^jSuaJ La ■ -^*V 
4 y-.j^l'i ^1 liaLcil^oj iiLicJI j j£ j dj ajLoil ^Jj, i^l ej^i-i Nj 

^jjiiL-jj 4_j» j*il *lja — H ^_^ >1 n^lj L&1« ,T.) h ,ViB ^L^jll j_& ^L^i 

^—ijlail <jja1_ijYl JtJ— j La j .(Saleh and Meqwar, 1995) ^jSJkj ^j*J J J-^ J* 

■A Jji* Jt- ^JJitL ^'jjjVi Jlila^l ,3^ jiiSll j e jjt^ll JjiJ &l ^^au-oll ^i <*Sb Ji* p-LtAjVL 

JjiaU* JUa _£ ^Jjftl! J J] JiJ£M ,> ^^ CjjLM j£l .l*jl jil Lli tfljySj J>ajijJ V* 

^-j'-lij'i j'l j J,) a i^ij fl'u-Jj *Uj jll jj-iajsj Jl L a "1-^1 frlijJij *Lait 4^J AiljJ^ ^-i* J^-J 

^^JaJI tljj*ll l> iiiaJI g-jiil ^" : LgJ jiij (Stichting LAKA) -u^y Cjj—Sj J .^jj_E11 
aj jttjjtfll J Jt t> Jia 800 _j ji U J^uLi jjjbll J l*i*..n m^^ 1 J^ ^^ ^^ 

oJ^Jb JjjJ is^i J}}Yu\\a\\ J eJt Jjtai AjJjaJi a jj jiil «Lul jjt wJ_jJ^J -i j^n^ll l ■ b iV'flll 

.(Busby, 2001) V^J ^L^JI ^i ljj» JLi_oj« ^uLuil 
/^ kijUajjjll f liill *Jjj ^Jj^^ -^(UKAEA) AjjUsjjJI ^>^1 ^Lail <jj* ^IjjISj 

Jlilsvifl ^Ij ^jlj |J-aLi. JSuij djSj-c ?rjK \1 ^Jja- ^ ' _ ^ rVuiN ^jdjl jjJI *J^i- ^ iV''i^ Aipla 

j d i'ji ''-As-* j'-lajJuJI ^ l . l^irtjin ^All J AiilbUud ^i jJl jiLoiJi jUxil j^t Lja Lj^U pLuyL 

pJl ail L^ L J_Sl J3j .L^ajl l^jlj JjjJaJJ JjJI JUijl j ^i^iwJl Jj^^ajtll ^a ^jilLj .JJJkL 

UjAi Jt L£" :^jij ^j^l ^IjuWI j Ajtl^i^l A5LU1 ^jL^L j^^ dlj^lS JL? U ^ ! J=jjJ1 
^ja JjEb Ljj'^jS I ji^'u ^j^jIjjjII ^jb 4j1^j]1 J LjJijj .aJ-LaJI ^1L Cj'd^Lul % fc Linn .j^pjjll Jc 

^ kJU ^ jjIj^jS i-llU ya] Jj2aj ^JOjI Jjjftjll jbt ,j-4 Ajali *UjaS jjl ,Ti \"i ■ n 1 j Ut-lsJlJ 1 jAj'j ^JjS 

.(Lopez, 2000) '"j^J^ 

^ kjIjII (Defense Nuclear Agency) ^'J^U AjjjjII iilSjfl Cjajltl * ,l ^liJ ^ji l*j3Ha l 

^^ j— * ^ jJ Jtj .(Fahey, 2000) 'aj^5 ais^m a^Ij^J JlJuJyi Lblt" :*Hi J^^^ 

Qj—aOtill JJ^JJ ^jkliJl iilE jlS*n 4JJJJJ ^ULsJi Jjt ja ^LajS^j *jBlj*i1 ^U_*SaJI jJj ^aJ Jlij 



Jjs L*_^at ^jiiLl _£jaJt J^iaU ^Uj£j AjjUI -j-UJLaJl JiJj ^-3 .-jSI^aJIj jUjVI i^JJ AdjjU (J* 

<jlS L^ij .£'l*^YLj UjLJ ^LiaJI LiiTJ =*jfrl jji J^-i^ij UtJiH ^UlLaJl JjLd ^ll^ 

LJ ^S -ij _ -" • "■ *f-^ ■' liltj ^-4i ^j^; 'jji j^Sl - _ ■■ ^'i*'il ^j^jljjjil jj laU - 1 jJa'uuJ jjpaJjll 

^iSj U Jjij ,jll j^ij jJj (UKAEA) 4itL^j ^jB ^ jJ jjjiift jt ^-jIajII j^fc jS siLj 
jj t/jLifl l^j lj*i=*j 1992 4-La >j!j ^jjjjjj Jij-fcirt ^l^^jj .(Al-Azzawi eta/., 1999) 
jA Cjjii^ jjOSAil jjp^ftj^fl j ] —^3 -(CHR, 2000) ubs»j*H JliWl ^j ju *iCfi J> 
.(Fahey, 2000) iJjJI 0^ 2L^aa ilujSllj 4jj_**iJiJl -i Loju ^ j Ajikiall jjlS^-^u ^it y-^' 1 ^ 

J Aj^£ u& ^ j ±J jjj'ju J^£l Lgjs /(2003 *g;jlji*B ) 'o jja-Jl ^ *liaij SjljJlIi AJ-k- 

' * w 50 pUJ Ciy* 1991 Aluj > ^^i ^uaii ^^^i ^i ,-» : ., jiiiJJI 4£ J jjL^Jl 
^ji l^A gj .(Saleh and Meqwar, 1995) ISjIjj AijjM jSj ^J rf jil ^ii^-b ^palj^l j 4J&M 

djULd^ JLawa ^ tj^ala jij ^jJJjSuuuJ^ (jJJ Laij'if ^ ^ ^V^ll ij^jljjjll lIiLCtLju^Ij (J 1 ! jail h- 3 ^^ 

J_i_^i Cj^lJLa Ai-iLu 1999 pic /^rn'yj^r 4ijaj-fl ^jJij jia.^ jUaj^j Ajj'icJJl JjiJl 

aj jjltjjgll <_ii!j i aljii-jl j j|l j*il ^ ^jUaj-uJl ^ajj -■*"■ ,jjJ AL-aJ\ ^Jt a^^j^aJi ^JjVl 

dPUi ^ jI j Lb4 p _jjJa_*jaJl l^J JjJrfigjail j ^LainJ) /^ JjiJl "utJt- 1 - JJj'^J ^lt- aius-4 i ■ li rt'^ll 

.(CHR, 2000) ^jSli 

j'JaiV^J jil^^ayi -iljul ptjJaJU ji ,Jj5 j-aJ i_ijjuj ALj-a ^liljluJ j'u JS^-J^ 1 J-* ^^=^ J 

jJl a ^-J L^aUl ^j__lj^ jjdJI aj_iLJ jt gjlill ,-tUdiyi li^LB Jb Jd^£>a jJatl J^ba^a 



jj_jl -lilj ^-jjiL j* j jSjIj tjji jj£^ <i»JJI -HIS L* J*jj .(Al-Azzawi eta/., 1999) 

Jjj Lill IjLftuJa aJd^luaJ ^jua Jr-^J ^ JJU^ d^*K A 1 e^ijAJl a^V" 1 ^cLjjJ ^i j;j'j/^ ^j^i-Ull 

Jj 4 AilaU d2A J ^lijJUl jL-djLj l^lll ^p£Y^ JjJ'J^ ' jLatV 1 ^Jaj-iji-4 J ^jj* tij'btil ^ 

CAij uullj -Uj'JajJ ^jUL-a^l jl J .rtl-ilj 4iib <WJ Jt ^jJal? L« -Uil jt ^aJJlil -UiUll 

- a d tijfLtj ^jc ulj LllLdljJ *t jiV 4jJ-4 Cj^IjJ jijj£- JLiiaVfc i— mlaj ^IlxJI Aij SjjJaai 

^jl£ J Jt- ajjjIjjJ *j^*- J pi iViiiJ Ijjjui -jJI iajftjj^ jl^^-Jai 1 ! aUi k Jc *_sj3jiJ ,j*j*il 

.(Fahey, 2000) JUWI ^lij j^jiJl 

a L_c j a.ljl J rijjjiA *bjjJl j 4j1u11 j^V^H J diibll ^jj aj^Jj *L*j£JI .J jliytfl 

a ji->j 3 ii Uij jjij— jj i *#^ 1 u^ J 1 -^^ 1 u^J^ ^*j^1 £liift ^M pW 1999 

■A l-j-*- ^ JjSl dVI 4 Jill ijijsjpJa-l ! oJUaj. ■ • t ^ ^^ cJi ^j^jtjjjil J^J^i ij— iajsu JJ-H1 ^d'uu^l 

L-3 i j1*J a j jjl jj^Jh i_JulJ 3 ^-1 u^il jJa aJ. litl-j J l^ a.j LaS d j'i jl J— S j * 

.(Al-Azzawi etaL, 1999) 

^j> H ^ > a \—si\ 1 jy jiu J Jl ^UajjJI J^jSiJI * (CAABU) J'ijjJl ^j*ii ^ua 
a. 4 ^jjl *2j'j 'wcjj 4 ^1. rt'^B pjjjl j^J 1 ! ^1 ^"■■■^ Jjt ^uu.Lj11 ^JjI jij'Jjl J b^ij ^J_-jLJj iJLiij 

J kjJI ^UjUaJjfll Aj^.jLL1^ iUj'ujuiii J»J jl I^jLj j-4 e-I^S ijiai JL ^j^ja AjjUaJjJ^ Llal jill 

tjJ jl J3j .(2003 /^J^JUI) wiuoUl ^ftJjl jjjB ojJaj phVhnl j -UjUajj«Jl ^aljja^l jLSSjI 

dl &j^£lj ,U L-aloil a j ailjjj Jt ^jIjLJ Jll AjJjll^I J^Uuil ^likji^Uj jV^ iaJ ^oLa 



Vlin'ijilj J^all J £-*J * ^jLuVI r-it JLaJ Ul ait ^ j i - i U n'"il) ajdjlj^b l^ujjjj *-JJjj ^jll 

.LaAjJt j -_*ISjAj UjLj jicJUJl ^-iLUaAi ^bCb llip-li 

jblJ ill j jl^ ijW- *j-^J*B ^jft'iSll It J 2000 jUyj L*a 3' J*^ ^-^-* *jVj h -r^ r 3 

L-Jj SaliJ ^j^jljjjil jjLLJ j'jI ^LuiljJJ jl jaJl ^i 4j<vlr- Cj^JkJ U^jjj l^J J J^^ f/^'" 1 ^j 

jj£ CiUJala ^ i^l rt £ vVufl faUYl jia pLJ_j i 11 W AjlaLa iji. ^i Ul. ^1 jUajjyu ,jjJ ■ nfl j 

j' j I 4 jjI j]J-J iiji ili!'« ^jU Aaj'j!I jLuhjIYI Jjii 4-iaJi ^JjiuJl flj_j^il -lixJl #Ulj) ^J^jSi 

CjLfc J JU 4 aJ JJ ^iuij ^j] ^ja &J-ii-4 ^31 J*Ji s^jjuil^ (JjiijLQ ^Jfr ■ _ w^.' *H aj^jl jjjll JLutiJ! 

jU Ja-ftil b ft tf a v 1 ^M *'j ^-J *Uit j #Ulal L-jli£U-l 4W\m^ -Ufljjli CjLuaJ * 

.(Fahey, 2000) 

lljl JJjLSw4l ^j 4 -*1^*L Lfl^_4 JaJ j uiJ ,jS-4J Y AjI Yj t^iLa AjUa_j ^ * j * ^Jh L< jJiJ ' ^"7 ■ ■ - - ; 

1 Ajij^ ^ j J j*h*h 4 B JUi^U Aju'iil jUa^uill ^skilS^l UjJll AilSjJl ^1l V j CjtjJaj 

jLaJj Alisu Jrf LJitLfcJa ^>ajil ij* J^ ^- ^^a ' jl^^'i a ^ jiU]^ jl US tUiiji U jUjj 
iajjj AJt ^u) U j lLi^H^ j'Jail Jpa ^ali^J dl Wft^M^ ,ja JJ jj j*u ajj JS ^jli I j! i<La^ill a^A 

j a j^j^j ■■■ ^jaaJ^ j'j ^Uupu'j j^_>j U 'j'i j - Jj,;.'' ■ ^ j ' 1 ' ^j'j-4 ^a c'jJa^l ^ * j * A^«-^ j^ 

-Al & J JOjta ^11 Ij'Jiiii^j . 'jJ l jjj4j l JJi >U^ Aj^oLLjj <a^-a11 jUJj aUl 4jaUiaJ 4-ai Jufl^jt j 

^^^ iU-^jLuJ ^>*V^ ^jll jSjJi ^i ^jL^jVI ^ V 1 ^ Jj>^il (Fahey, 2000) 

^Ui^l ujjLii ^j*iM jl Cj^SI .jiJri'nH ^jdjljj|jll ^jJc ^iSiO JLujIjJ ^^ ^^J ^J^ i^J1 
1 j ij£j i S 1 a ^j^JJJLcJl ^jlLuJt ^Jt j JjJ^il ,jiC- ljjai JSuij s_J-JalaJI ^ajjjl jj^jii ^jt ^jUII 

.-*jSI_jB ^pj^LJU Jjj^mj Jr?J^ 

U a-J Jj t^ ilfUji lii. -Ufct-fl Ajlot QjSjjja >^_u-aidil jij^l jjJl J^a 4ah'lflH < klJaii ^ 

(j—B Ji.^ ^u Tarpaulin JjO ,jlUiit j-q ^ j i_i^Ju ^GjLJi Ju^Su^^ ^bj*Jl xiu < ^i- H - 

pJi ^ah-I ^JiLcJ.1 ^Jjhll' J^ dj^ U...M acjl^'J jj 1 j, 1 ^ ■ US .JjjUJI Jj^k 1 j - --^1-^ Aj^iaU. JjSUl 



_'j^ -^- j ; : ^ J'ij ^htl i^Lk&J ljjsJ ^UjI L^^L^i ^a JjLiil t> 4Lia 90 ^j 
wiji *UjI b-4j|j kldlkl jl /lWiiJ <j**±* AijJSj £ jjL-aj ihia 600 jt JL ^ L« Jj ,-^jj-J 

t j-LLL-JJ ISljjJj .4JL)IulL1 J\jifl JJUala ^j* La j^o ^ Lj**..i* l^lai, JSj^lJj _^iilj ^Jj t; 1 '"^^ 

pj— Hi jjJ* Jf iJ 1 jjs .^iVi .J ^ifl ^jJai-LoJt jnjK'i wi_p.j ^ (2003 /^j^jLJI) Lei 

^^JJJ uj "}fj_c. 4 jjlfcll <jjljij| XJ-4i V>4 ^ fc ^^ UlJjSj %ll_*JUl -j* ^j^V*^ CiJlS 1 *|j a k_ Udlafl 

^Jjl'h^ll JijpoYl J^a JjSJVl hnAH JjiiJ ^Jt iJILa-^JA ,^lc- j] ^k- JjmJI j I3J JjJlil lJ-LLLoj 

.(CHR, 2000) jjI*L5 jUij s_j*> > 



(OfeliljfeJl 



J$il1Jtt2d1 



Uranium ^jjSjjJI 3.1 

u — 11 J — l^j <Ac* AjaUS jtjj ^JLaj ^»i jjJ ji lJi Jj£ ^^^ ^IP"- 4 FJ^ 1 JJ^ 1 

4 iuuj j^Lkdll L-J J;: 1 . 9j *-j-jj.VI Jj-^Jlil ,-i JiljJ-4 A^* J -■- J,A ^ij 18.9 gJfl / CJfl 

f — y& jL_i Ji*-&j .diLa 3 ppb( mg/ton) *-^ ^Jt jaJ *Ll* ^_^jj * jLuuyi ^^j 

tjfcuJiB ^ 8 % j tJill ^ 16 % j > sS *£*l\ J£#X ^ J^^-^66 % ^Ija -#lj#JI j 

.(UIC, 2002) ^l *A*-ii ii ^ 10 % j 
ol s Martin Klaproth iJlLJV' ^Ij-jSA Jj& J- 1789 fie fjAjjA jiw ^LiuSl 
^ — uj jaj .( pjjjljfl j ^jjjI jjJ* ^it ^jLiil cjjjIjjjII j^i»* ) Pitch Blenede j&Jj t^i** 
/(Wise Uranium Project, 2002) ^j—iijjl ^-j£j£ ^iLia&l J* ^^ *jjI-j ^ p-fl' 'A#j 

. 1132 °C ojn— a a^jJjU 4l ^L-jSH >jllj 

.U 238 aJ^U J^UJl t> ^jU U 234 J 4 tiJSi^aJl CjV^UjV^ t> rj^LAJ ^! 

^jjM ^jj3jjJ1 (jdtjA 1.3.1 
.(WHO, 2001)^jiU^il ^£ji ^^j ^^u^il f jjjIjjJI ^ji ^^u ^jj (1-1) JjiaJ 

^aj^ail pj±il jjdfl j^Uu o* 1 J* (1"1) JJ^ 1 



Isotopes Properties 


u 234 


U 235 


U 238 


Total 


Half Life 


244500 

Yrs 

231.3 

MBq 1 gm 
0.0054 % 

0.0053 % 

48.9 % 

12356 £# 


703.8xl0 6 

Yrs 

80011 

Bq 1 gm 
0.72 % 

0.74 % 

2.2 % 

568 £# 


4.5xl0 9 Yrs 

12455 Bq lgm 

99.275 % 

99.284 % 

48.9 % 

12356 Bq 






Specific Activity 


100 % 

100 % 

100 % 

25280 Bq 

1.00 

0.048 


Atom % 


Weight % 


Activity % 


Activity in lgm U. 
natural 


Activity Ratio 

u 234 /u 238 








Activity Ratio 

t t235 /t t238 
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^»*ilj«ll 



J^IJ^dl 



Depleted Uranium DU r.nhioT) fju\ jjJ\ 2.3.1 

- It ■ '- ^-'<-l> ajjijl j_jjH jjpaj -j 1 ^-^ j»_jjjl jj^IJ J "^ ttD Ajtlstidiy^ V>4 60 % '-JJjij u^ 

/jL_i Jlldj ■ . ■;■ •-■'" jl J jfijyi ^bU& ■.LSI '-'■-'- JS j^jIIj U 234 jU 235 J* AiJa afjuu. 



( 2-1) J>^ 



: (Wise Uranium Project, 2002) 

-;;-^^' 1 ljLlU& SJIjJ (2-1) Jj*^l 



Isotopes 


U-234 


U-235 


U-238 


Weapon grade uranium composition 


1 % 93.5 % 5.5 % 


Depleted uranium composition 


0.001 


0.25 % 


99.8 % 



3 aLkil ijjb 4juj uifl tlijjjlull Lui .^jjiil *#1 a£ J;— "■ ^jJfr J«j j$i dilil t^jl jaJl 

.wu^UI fJ jil JJb Jt **L* _ > k^ ^J* J«j j^aJI CjLL** j& a^jUII (2.45 & !4.l)MeV 

■ ^^^ a jlr-l Lj 4.5 x 10 9 Yrs ^-Jl jl — u (Half life, T 1/2 ) j— 3 



L ^,2.2x1 0~ 6 Ci/gmij^u JjSjU 235 j^uii *j&_»ill ^uitLiU U^ . 3.4xl0' 7 CzVgm 
dljj Jli^ j <Jj 4.7x1 0" 7 Cil gm ^jLi l^jli t-iJaltJl ^jojl j_jjJj 4j£j-J ^jt^Jl AJclill 

9^4. 9^4 

j24.1day »— * «aj j 4*j Pa rj^S^^jtj^ j Th jj j j_£J1 L»a jj- -~* *■ — ' _>*& 

(Liolios, 1996) *i* .nil 1 tlSj L_k> *^_*iil jl_Ji*ii jlSJllj ^-Jl jUl ^^Jt 1.17 m 

U 235 (T1/2 =7xl0 8 Yrs) J a ^^^1 ^ =. > j .^nUI p jj jj—J* ^a ij, a.^. 

.L*l£j %j Uil ^1j»jj ^JHj Pa 231 (Tj/2 = 3.25 x 10 4 Yrs) ^ J^ 

Jj^ ^L^, _y£. CjIj jj'Jii ^ J^L^V'u >^ U 238 jTh 232 1 U 235 —11 J-i^L- Ci 



•1 II i • - ■ -■, ^u 206 ^u 207 „u 208 
f> _ul jjJI J^s.j Ulj * pb jpb jpb £- 



iif~- -^a^^^ ul ^'w^- iti.ii^ ^^ ^^^^^ 



Jj Lj j jLjjJI AjIjJ j-a iiLa-a £A*.jl ^IHeJ J 4iLlJ ^ JlaJJ *G^4 f* 11 L-lijlaJ 
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(OfeliljfeJl 



J$il1Jtt2d1 



f LJ J_i3 .(CHR, 2000) tf j_fi]l J*iill j (^ jiiil JiiSll) ^jlaJ jfcLifl jA t^U» ^^ 

(ACGIH) ^jiiJl Jba^J ^Icli.rtH ^jj*W jaj>11 
j ji^J^ ^ua l-Auaj (American Conference of Governmental Industrial Hygienists) 
-^^j .0.2 mg/m 3 ^_il£j (Threshold Limit Value) (AJ^JJ j*.) 4j*J ^tjailJ biill 

jl <LS klulS La^-a <jt'j-k^l ^t jaJ jl j 4-UIaJI 4t ji ->*j u?*^J '-^f^l '*** * ilKj ,ja ^SLja 

J — 4t ljI^ 1 , — u: 8 JSJji)j Ji« LflUfc jj tlui (Time Weighted - average value) 'L^J 
an* (3-1) JjJiaJlj .(Liolios, 1996) J**J1 fijji J>±a ^Jt ^j^ J** ^'^ 40 j L*jj 

PA^JJ^ ^ pJd^JA^ J^ 1 -^ U* 1 J* (3-1) dj^i 



Isotopes Properties 


u 234 


U 235 


U 238 


Total 


Weight % 


0.000897 % 

14.2 % 

2076 Bq 


0.2 % 

1.1 % 

160 Bq 


99.799 % 

84.7 % 

12420 Bq 


100 % 

100 % 

14656 Bq 

0.18 

0.013 


Activity % 


Activity in lgm of DU 


Activity ratio 

u 234 /u 238 


Activity ratio 

tt235 /tt238 



ItykALill ^JjjjIjjJIj ^joj! jjjU yijufl 3.3.1 
Exposure to Uranium & Depleted Uranium 

ijiji* Jt- 460 jugl yr Jj-i^j jA Ob-^1 ^ a. ^i ,* j^j 1 " jjjJI JjiJ y JjJ-u J^l« J] 

f hVi ml Ji a *lj *j_kN ^ Lj^jj . jLiiujV^ |jj>ta jt LjjE 0.59 jugm j tfOljjyi 



4 loll &i- 



LLJ 



*¥l ^u j 



■L_5 



ij L-lfaaJJuJ » J Jjl J J J % 



J lJ*J 



^ kljLiiLS ^1 jib (United Nations Environment Program, UNEP) 
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aj_4 LdJ AJujl J5 ^jfrU-kSTifl JjiLaJl j^ y-'* ^J j iAijuMaiflJil AilalcJl J_£i ^J^ 4 (jljJal Ajt-JaJ 

djl jj hJ^j ^'jV^ J^LLj .- _ ■■ ^*H >j^jl jjji) ^it *U_jjj' ■jjl.iiiil JlL - 1 ^"■■^ <^j[1j ^LauLJa^j 

al xJail t^JjLjQJj Jjjlill j 1 . JxJt 1 jfl^iV-j j| ^ Saj ojiliail J-laLU^ ^ A l j._aLaxjj ^jaJldJLJ 

.(WHO, 2001) J^j— U^ *^J^j 
Intake of depleted uranium <jiii"nTI ^jgjIjjgB (jiJ^J oiw 4.3.1 

J. £Ja^ I v- ^ J J Jl 1 aS fwli-aloil pjjjl j4jJ|J JiJaLa <JjlJJJ ^.lil JjciaJl j ^J^J*^ C«£"^ * LJ1 

-UaLujJ Jjik-jJi LJ .jauuiaJi JaJj ^11 i_juJal*Ji ajjjljftj^ JI£jV ■* * j * ^d^J ^*d rt*^J^ J^-^- 
s_Jj j^J J ^f" L , ^ -^''^ ajjjl j^iJ 4-LalaJ j'jaJ' *— J J- j-^-il: LajJC -Jj-liJ Jji j^ *j* J* 1 ''■'"• --"j" ■ 

ijjaJ_l «_L.LJ lj1^j*31 jl CjIjSUJI r ^— LjJlji *Uj* ^j ^J< JLiSJVl JUjS, *^bjH 

J_^i- 1 AaJlLdj dlllJA j . ajjjl j_jj11 ,j jLu .j .^ Wi ^^111 ^_ji^ jaJJ J a^Ll ji . L JalflJ i aijl jjjll 

1 >iflU ■ -JJ ■ oJ - IliI 1 jliull UIuu 4 JaLcJl £ j jaJl J^LL ja r -. ■■-> .1 Ji'-i ^J 1 ^jdjlj^jll 

p uiiil sJ Jatl ^ J^> (j— Jj ^i l ii'^n ^>^tjjjll J_?— — 3 fj— j i^-S>^ *J — ^J J_L?J 

.(Lopez, 2000) .(Wise Uranium Project, 2002) 
Absorption of DU tj^lol) ajJjjjfl ydt^w^ 5.3.1 

^j^i JjllSll ^ a ^i -aJ <lrt 67 % V"J^ ^* U^ ^"^^ ^3^ L>* (JjaiAAil ^ajji^ j_aJl LJ ^- -^^ 1 ' i 

■1 K-Lall t- a Jj ^-i*J' h»_? ^J3i^ ^MaU-alal dlV-ifca Jjjj iA^'uJ 24 J^a. Jj^il ^-a ,?■ jlaJ j 

j_?t ^jI—^^ 0.2 % t5 _B j-^»j -baiH f JbH^jjJll *^-&j*l 2 % JjJ^ JjSj #T *»j 

.(UIC, 2002) Ulill 
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Radon Gas OJ-tf jfl jl* 4.1 

4 Liill j -aLwJI 4 tj^u jpc ^a A. flJj ^ jjjJ.1 J aJaJ.1 ^^ja'jt J^l jA- JjJl jil 

^ — ibli, j — ijjj 9.7 Kg/m a. isliSlg- Li .(' — ^jj^_? Oj— jjjIIj Qj-^il j ^ j jljg^) 

J-a'lj aJi dJAj 4jjIj^j JJ^' r*^ M* jl-C- _^j - 71.0 C° oJufljJ) ^?-jJj - 61.8 C° 

. 222 jft IjljSi^l JEyi d jiki] ^LSJI jj*J* j 86 
P j_ijI jil C 3U ^ (F.E Dorn) Jjjj (JLJ J^a > 1900 ?*. j 3 J J\ ji wi^iSI 
JbuU a^uLLRn 222 JjJljfl jli ^>u . Radium Emanation f jj^jII u^ ^ S^ 3^ J 
^jj ibjajftfl a>EB ^— a ^_rt J^ j Rn ^jjj! jil _>-aj*J Spontaneous Decay ^ililiB 
^j—NjU 238 pjjjIj^ jjij^^ ifllu 4tjjhB ^a L* AilaLi ^i pj^ljH -^j ^ .10' 11 % 



f j_jjIjJI J>a.j £*>y 4_ik-_j il600 Year jj 1 ^ ^inVift sj^- j 4*jihfl ^J ,j_?^J^ ^jll 

j^b 1 i« -^_£ jj^- ^ j -^ ■■'■' ' JA (j* AjJLL w _s£j Jij Jjja'Jw ■ j ^1 *g* ' JJ s AiLi_*j' 4ji jJ jJall 

99^\ 

h^ uoJ j— a^jLutYl ^ijj_lill CjaiRn 222 jjjijil jli > 0.0001 mhj** L*^ 

.(Sims, 1998) ijj»* j 

U 238 P j_iJlj^jNp 237 ^j—ii^'jTh 232 fj-ijjil ^r-^ ^— J j Decay Series J^UJl 

997 

t-UjJaJVl djSJ^ Jj« D-iliJ ^j^jjjilil lJt tijjL^Ail Jj-u^iLjiil ciA .j^ JS jil j * Ac ijjJiSVIj 

; fcj Juc^JI 4j^Ij11 jj-il j» >LiJ Ja.b 1^-DUjI Jjc j-^j 
£Ljj .Ac 227 f jjyiHl ^^ ^J| ^-iijjRn 219 Jj^j-Jl ^^j >^ \&^-ijEil - 1 

U jjajl jjj II j il jj 4 Q ' t i ^-\ i lil^Jj lJi ^ Li5 ^uaL Jil j5u j 4 5ec ^- ^'^ ej-^ 

J£ hli flJA J^LaJVI ^iaAw ^ ,U 238 ^jjjI jjiJ'u 'ujLa jjj-flS *— ;H *>4tj *(l % Jk* Jil) 

■ < iS «J a » ^b^V^ > (0.72 %) ^flji 
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9^9 99D 

i^yj -Th *jjj_£J1 * — L-^ ^ — 1} ^ — floijjRn JjJ l j — si j^=j j— *i -uiJJ— 21 - ^ 
^ JUil a j j jj5B *jij ^ j>rti ajljt uj-^j^ ,_>L^ _j5£il o_?jji^ -^ 55 ffec . ^ iVilt ej*4t 

^uj U 238 *_^i jjJt ^u j\ i ^n i ^a\ 3 Rn 222 jj^jii >!*: >^ :6J J| ^ - - ■=* 

L jaoL3.825day ^jl — uu «■ ^-iiH *jac yj j] (jjiljfl jiUii j^ j* I j^a& J>i*7* j^»jB lJft 

Detection of Radon Gaz u>M J 1 ^ CF l*W 1-4.1 

Jl j*]| jJ * jjSI ji l>-^j ^Jfr * ■■■fill AjIs^ jili 1^1 Uji-4 1 jit JujSj jjji jii jLt jj^ai 

ij^_51l ^_Sl IjLiuSj ^i ^Gau ^ jit jS ^ j :Passive Detectors <UJ — Jl uitf jS9 - 1 

jL^I Jj> ■■■) ^.Jt ijLlil IjJj ,(SSNTD's) AjL-JI j j_^I JN\ ^3 jS Jl* *jjIjj*M 

.(CMHCHC, 1997).j^71 

j-j. ^it'i >,.' V L*jI J J/tfl lJll^I ^t ^aj : Active Detectors AJUiJl ui*MjS3 - 2 

B p jjJil I^a ^Jl Cjj'jjjJI ftbui\ i-j*jl jS ^W^. l^-Lftt f'JljI *UjUj^-SJ\ ijjill 

^ Ljbla CjLMj'jiil JJU. ^i ^jlill ^ ai.^il Jt ^wuiai* J_jSj fl^tl ^i l-LH j£B j* Jj71 Ljluall 

43I4IJJ OjJljH Aja-aJl jHi*Jl 2.4.1 

J a j ijiUlc i^a j-i VJ *Gjil Jjliajjuu CliTli ^j* 4JI&S 'l | ■ all *n j»JJ jJ ,^-jJl j <jjil yi 4 m a 

^Jstbuiy^ I— lit jiil ^jl lftJ*J_j i hi aH Jjiil J^a '"J \jnn^W ,-i klyjil -JJI uLiluil jill Cjj^Jal 
- fc l ^- _■ .Jj ^ i ^-'-^* JJ-l jJ^ j^ ^ -■'■"■■ - 1 ■ ^ ■■■■■■; 1 jSj jJ Jj^iiljtSl iJliJjh j^l Ajjil jjUa^uJ Ajjjll-JI 
ajl t j tjalL jJl ^ jj^alll -ii-aJ^ j^cJh LljlJ 'jj 1 ! CjLu^ia CjUtU J^a jJIij -^jl ^j aSl JJ 

l ftjl CjUj y» J>-S1 1>^j .(1999 fi^jt^jfl ) ^li-M *\y*l ^ iyjfr\*\\ jb*JI 1 
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CjIjJ a a Lj-aJi u^ -lit ^jj^j l^j'i <Gj-> .imH j ^jj£jl ,jj', ^■■■-> i 1 - J^a Jaj j JjS ^ ^"ii ' i-'i 

CjIjjj1_1N ,j_t ^L^a I^jS <JjLa lIjU jJ=u^j Cjljiilj --^ ^Uc^ 4^^ 4Jj£J LpuLll 

a j ijj^ ^ 7- .-'■VI J ljjl ." i 1 . ^■■■^ jLdta Jj«b -b-ujj-ua J-^Lj .^^ jaJi ^ji-Lall ^Jt ^LjjUjjSJI 

^^—ft j Uoj tU ji..i> 45Lla ^Jt dj* L-iil J* JiSL Ajji ijiuQll l^jSUa ^j Lai * 40 jLWl Jj^ 

I $J ^>aj_joj (jill Aj_alLiifl JJl*ill AiaLiail ^ jaJ j-4 I* J*, jtft ^iii Lw ^ jH ^ j .dJUbu. 

.(1997 t^) 0.8 mSv Ji*— *j Rn 222 JjJjil Jb^yi JLiSJ ^^ ^b 



JbJk.- M 



^jjLa' all ^jj J 1 g ■ nj-^ in pJj 4ujJl jUa^^ C/lfLa. ^ ejjl jia Uj£-^ ,jj 



4 ijiiail ai 1 . IcJl ^ JujJl j'JajoiU JjjLaLaJl ^jb-al J- ^"'^ ^Luiual ,jSaJ V Aj^JjJjj (J>^ jll 

■jjla-afl 7?\ jVluil 4JiUiLJ jfclViifl'i -jJl iilUI ,j-a ajjKuN p 1 ^fl ^ j^IkJ^ ,J-4J«ia kJ^J biaJ 
^j aj O^J^' £^*jg slliJ Jjj jjIslaJ^ ff jiiJji *Ulj| jaJJ Jj i JdJLiAll JLaxJjJj ^jbj.1^ AiJjiaJ 

JaU^^tl l _ i j'i ^jj 1 jil jiL l^Ju l3^^ La ^-a'j* JSuOj a^it k-jbuY ^JjjUuuII ^i lAj'uiijl xSjh^ 

.(Sims, 1998) o^L^Jl jLfl\ 3 <u^\ -u^Ulb 

| jJai I j\iM-iA 4J_aS ^j-a _£-Lluaj _^J _£-lsul JLi^LaS jjJjlb Xj«i1 _all ^LrfuA^I ^-JiJ 

^-U uJ ^l_a ua 2i ^it- ,jjaUl^ ^ ^LaLnil ^iua ,^-^J J^^H J ,i>1 'l^tl ^i ^jjLa'jJ^ 4^ in ^-L- 

.jlfcJII l^& J^ ^liail ^ua*J ^i s'LlJ^ 4JLJ Jj'lS^i sUa jiaj ^ -iibSj ^jita-Jl 

*n ,n tU jjjb aJj Ai^ii ^j^U jJoi ^frljuSJ JaLxi JjJtjib ^Laift^l J ^j *1960 f lfi ii- 

pt^uat La^Jt jjjiil [^ J^a i"J ij^ imit < ti nVifl -i V) i-Jjlln^W a^ ^L\j ^J j'ujijV^ lhf JC- ftjLia 
j^AJj ,AiLu jjSli^Ji JjjJl jil j^ 1 *^ 1 ,^^-lt a jj't5 a-jjiajji e j^l ^j^lj-ail j (jiliLJ^ JjUla ^-2 
£l\ iSsuft 4-aj'ia ^>uJsi ^jil ^iaL^ill tJ Jt i&ljll ^j JdA UjJt J AjliYlj jSbiiiaJLj j^aV* ^LiJ 

CjbLa£- ^ a ^iSViB J!iLL J-a -uLL^J^ ^^ .j^- ^ M\ -* Ji 1 ^ ■ nM > n-^ ^a^ J* -^3 t^ilUl 

?-l iJaJ^ jjj nJj .aJj'uLiJk jjjlull J ^J ^J^^LaJl LiiLl JjiaJi ^ IgJ^Jju ^^patL^a Ajj^jII 
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^_a #.1 j* jibs dj^ (1.5-0.5) j^j £jl>y ^ — oLSyi jiL^at ^ *jjjill JU— *-* J< j_£j_j 

.(CMHCHC, 1997) .(Wise Uranium Project, 2002) teLJ 

4iUiiiwlj opjJI jl* ifljfl 3.4.1 

f j_jj1 jjJ* cjJ y> 4i?>J o2* 4j1& ^iu ^jb sF l m ji j^uvi ci ^JshUj**' 0* uu*ai - l 

Jiij J* jJj5j j^i i^yl jl! jli l^it jiajj ^jII ^Luujjll (Parent Nucleus) ^ ^jjII J1*j 

Jj£«4j u_ujS ^£1j *,J^" •S aCr "^ P3$J3&^ r* 1 "^- J >M J"^ J^- J 4 U-^J^ ^-la^jj ^JjS ^'^ 
£ Li ^ L-aJ J_^at 4 1 ,jl jl t(>fljVI Ji.b ^U^Vl 411*11 4AJ0J <Ac* eiij a j£l> 

J — J j& 4j^ ^ j; j*j lilb jj V Luukj j*-o5 LaA^Sj 5.5 day £Lj >*t Jj«j 3.825 day 

.(1997*^) u^jVi J^u juii jiaa 

,!%ui jjSj 4-wLl-wJI aJIx. ^jYt ,-i tjjJljB jli Jliijl ,jj J i^jVt -ujUjj Aj^Lui* - u 
jjijl] jal j-J^ L^aJYi e jl ji Aij2 ^a jjijil _*a j *(Heat gradient) ^ jl j=J £ j-fill - _ _ zk 

.(1999 ^jt^jfl ) L^J^ J* J«]| ^ 
j—ft ^jVI ^L^ l-jjS oj^ 1 J 8 J 1 ^ S^ J^ 1 ^ u^ 1 ^ J : J W1 J Ja^* c> S*S*^il i^ - 2 

wijfl JjJljB j'i jj^^> ^u^ja jli IjSa j * jJ^jM ^'^ uji ^>ajVl ^Jajj ^ji (Up flow) 

.(CMHCHC, 1997) ^j^l ,>b 

^jjiaJ 4-^n'' Sjjh-^ H ^JjLSJ^ a^J 3^^ ^J^ r ' ^ '- 4 ^ J0 ^LaLt JJ-il jJ^ J>* J*iJ >-*^ ■^'^Jf' 1 ' 
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.(Planinic etaL, 2000) iia^alc * j>-aj ILLuJ 
J_jS1Jj jjiLi jS^u ^laj :u>a^l jl* ^Jui (jill ^Jt-ioJl jIjaN ijifflu j^Sljj Jj-Iaj ^ - 4 

,(Khan efa/., 1988) ,(1999 ^ J3 — »J ) ,(1999 v - > jj — =J) A 11 JU ^! 

.(2002 ^j») 

U>S^ j^( ji LJ-yyi Jil jfa 4.4.1 

■ill jULi\ ij £ uba ^-3 i_lll j£*jjl ^jJlj-4 *JX* ^j-4 LJl 0>^ J^ J^ J^ S jl - Juli - /A? "4 ^*^ ijJifiB 

jj" -lIjI <ijjjb ^-gj A^j'jil Lai- liil '^ *;^'^ ^J-jLjii ,_jjLj11 Llsljii^ ■ i-»j^ jH jIJhJI jl ^jjLiull 

j^Sl Aijj^ll *ja j*jj /(SSNTD's) 4jt>nB ^jjSB jHl <-i^l>£ l^a f ^Vu*ij a.71 *iji 
tj-^j .4_Jil-iJjj jjjjl j_B jjSIJj ij-ba ^ ppb Jl ^ l^ja 4LJ J-sj ij j^liil ^i itUS 

Jj^jj jSUj LR-115 type II j CR-39 *_^t£ liij^kll *^ ^-i * aiVu^l t-kiljSll 

g jh A'iTI jjt ^ijoiSia i^lj&ll Ljjs j^Sj ^j^l ^jjyVfij lijjJaJi *ja lW^ i^J^ .PM-355 

f^Ial 14 JS«j ^jit Ij'ul 4ji 4^jU iJji'iiLj ^ jjaj^a^fl ,j^ e-l _^ll ^i iJj^j-J 1 ! JlhJIliJL juusUaJ) 

^_Jili* jl ^l CjIj_^a. ^j—i J ill jSJl x l^j - H -;^ J ^Uji jjvr,n ^_i Lai .Aiii-Jl 

j — iH j&ll £ — L^a^i Jl 4,^Jajji-4 -ui y ^j l^lajjl JSui tUJ Sealed Diffusion Chamber 

- ' ^' J'-J 1 -^ y ^^^ ^-U jiLSiL iJ^"J Il #^ UJ^l^ j^^ w^^ Jj-flil 4-ljJtII -A-^a.1 Jj* ij^aJ 
4 U-i. J j Ldij liil - ^^ *;— -^ "ut'u Ja^L ajt^aJ 1 ! Jilj JJ-^^ j'"^ j'-*^' 1 -^Hj - ^..^ JT ' 1 /f- 4 

Jjjjfcj Si LLsl-kJj ^ijjjfi ^-i*iij ,jlj iL»H jjiajxjlb < t^J^l^ ^'laj-lII ila 4jIJu1j 0^_? ^^ oJ_5^ 

.CjIj—^jJI ■ ^ f- (^'^Jujlj ^JaiJi ^ « — '■) 2l_*jl ^_lt J— «iaJ aj-jaI jlj- 1 — ^ L?^ 

^Ujli^L ujVI flj mJ J laS J uaj J J— Sj L^JC ^jA 0_^1 jil kljlJjljl -Uuu JSl Jl Oij ja] 

-* UjlN ^Ja uj Jj J AiLyiAJ^ jjSj La-iJt (Jfc J-M trtlB ^Ajhlfll Jlsut J-^ J J I A CJfl J>j3lJ 

^^Ul jIjV* i>a ji jSjJL jj^Jt 4>j (Barillon eto/. 9 1991) 7cm > jj£^ ^LSISIIj 
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J>i_iJ QjJj-J J— t Aijlifl jUVl W. ^KjJuL Lol9(55 - 60)% Jj-^j JS^u UJJJ^ Cf- 
^-Jj Ojjj-U Jj— — 3 £— *■ ^ J- 4 ^ u>M u^ ^ ^ JiJ^ 11 u- ^ <40 - 45)% 

w-flfj m ,J JJjSJl J^UiiM j-jLjjI jit Jaii ^ jt JjS-^4 1 a j i >n \ ,j£ 1 *j 1 1 aj j'j t(jjJoiLa ^ 

^l^t ,-' --^"- ' J^LL J^a a jL^jjI 4iLtl lW^^ u^ U_?JJ^' ^J^J J^' iJ^V.3 Lo^-ia JSi Jiajll 

^j Suu Jib £j .-OuaJj. i_iJjl£J^ ^j ^jLjlaJI ^jU jit _jl J-^l Jj-4 ^?*J ^^M 3 jl 1 t5j-*^ir 

jl L4J-L4 4jju1*I lill iU ^jja ^JaLui^j *Gj£xJ\ jljVi J^J-* 3 O^" UJJJ^J hJJ^'j^' 0^ JJJ^ 

. 5.485 MeV jjJlj* > ttuUI lill ^ *>■■-> ^U* Jjm > jjH 6.29 MeV JijyR 0* 



uJ! (> LJ^J) 5.4.1 

!_jUb 4 Cj'i lot ji ■ ^ ^^11 >j^j[jjj1I jjSIjj jjjij yi ^-JiLaJl AjJjill jja /^l 

.HPGe I jtitt ^llt ^jjjUjsJ eiilij CR-39 ^jjill JjVI t-LMS ^& f lJii^U 

j* tt1 ,rt\j *j^jl jjjB ^^ic- ljjIjaII #1 ji&l jit ajSEBj 1 imiSH jJj 4*Jj.ill CjS^a US 

.^xiju^yi jjiiiji x* '^Ijj'juj l$js >j^i jjjii jj£i jj jj-iij j^ll 

ajjjljj^]! j Jjj Lil ^ It ,J_jVl J i-oill JiAiiij ij^-ai ,j-iAi. jit -ULoj^il kljjiil 

j-^ia dJlill Ji-aiB Ul .^jjjJI >VI wi*iljSj AijLuiil LjLujtj-iJt ^it ^Jtlfl Jx-aiilj ^.hh'^ll 

njHuH LJ tCj'u'u-oaJi j ,J-«tSt ff jaJ j-St ^5_^i.l ^^ Jj^-aiil j iLalS ijuil ^Jjj1_^S jlj <JjiaJ 
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■wi m 




tlitl J^dJI 






*■ -* 



CR-39 i-LSLS P iJii«V 4JJ*wJ t^Lu*jJa (jWjiiuJ 1.2 

J«j jl£ ^3 j 1958 pit ^ lSIjjj (JUJI Jj5 j* ; «-^ jS -uL^ ^LSj£11 Ijll* J 

a 4 <jJ 4jj iluuJaj IJ f j^uUk -^Jiia * jjJj u' JaaV ■*) ^^JJ ^ ^J^ 1 *&[±i\ diUJ ^J 

I jliJ™ ^au LjjJt J^-laJ jjjftjl Jjjo 1-liC jji ijjt jaJ ^IjjjjjilJ i"iirt_jfr j ajjjl jjj]^ iJjLSj 

jL^VI (Silk and Barnes, 1959) j^^l a Li ^sj .(Tsuruta, 2002) ^jU^ J#^1L 
■Li-JfljSll d^j ^=j^ -lit kUjU jlb^l LLtiJ 4aJjj LSjUJI ;_Lil j£ aiU Jt 4iia^J 

(Fleicher eto/., 1965) jj — la jsj .^ jjjI jjjB J* ililaj 4jik* l^ ijS *jj jaJ JjLjJjjjJJ 

j_ jVI l '■ mi IjSj <*n<nm wi*jl jSJl ^ lJu^ It jj 1 j *J3j Silk and Barnes aJ) J*-a_£ U 

£11 j_i J ' J— wj /(Solid State Nuclear Track Detectors, SSNTD's)iJ-— S ^ jjill 

jjjiS^j *_plSJ (Fleicher efa/., 1965) j (Price and Walker, 1962) J* Sti .^ j— Jl 
j_aj ,^L£ jl j*£ ^jjLjjjjIS ^JjJ j £^j!1j ISjLJ (JjiiJj ^Jjjlu £lj*-£ SSNTD's 

Lj iljj ASj lj Jj5 j-* At jl^aiJl ^La. jil klaLLjjfl ahVu.il ,jt H»_! (1966) »lt j£jj j^ 

.(Tsuruta, 2002) jjiiL: ^'^ j £ _>*■ ^LLaS «jj.au]l iubbll 
<_* JjSIJj -iWtj! s^ ^^Vj ^j*;;^ 1 Cj^La^t j* ip*il ^J L-Lil j£ll H ^^'J ji] 

U-uLa (Fleicher and Morgo - Compero, 1978) ^ j^l ^s .^Jl j qL*J-j ^h*H jLkLVl 

* LjJa Llalal ulaIj ^iji m -j 7^ AUiii lSUjj -m 3 ^ 1 r u ^ O - ^J^jlill ijjJl jM JjSI>J 

^ljL^jjI j c ajl i^^l j ju^jj^J^ JT ^h Ajjii ^jIdjj CR-39 ^-i^LSJ^ r ^ a^Aj 

^ijj-i La J t ^jJjljjJ^ J_t - * -^11 LSlLl_Sj JjVjil ij^JJ >JJuil jlJ_ i) j^ I J uLS 

4jjjj1jaj j^iiij ^jiiJj ^i^ 1 J*^ ^ uLiflji.i-> JaLlj (Abu jarad and Fremlin, 1980) 
j_j^1 ^i*HS ^l^aluiL diijj Can Technique ^jSII ioiii j Air Sampler ^j$Il ^aU 'u^aj 

.LR-115 jjLU Cjtjljj CR-39 
^iiLi^b (jjjtjH o-^ l - i ^ ij ^sj^ Su-1 jJ 1 j>M ^a (Khan eto/. 5 1980) U 
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^ju^b jUaiMl bUi^ Jj^L JjjI jji > (Geraldo and Tanak, 1980) f 'i ^j.-O^^ll 
*LJt j* a-ijj^ ^jLaj ^j ^jiijIjjjII jji^ jj jjjii] Macro fol KG »jl.rtll Jjs jjSLJl cLilS 

.^ubtfl ^jUjII^ JjN\j j***B j 

(Khan eta/. ,1988) j (Chakarvarti andNand Lai, 1980) j. « JS J— > ja] 

j_K1 .j-aiji ^UJyi jUV ^j^Jl ^-kiSll i^U^j (Henshaw and Allen, 1994) j 

(Khan eta/., 1988) £U=u_J sfiii&j o 1 — ^^ * 'J^'" ij_p-^j ^billj £^1 ^j -uj^m 

(fil iil j pj y* y * CjI lit . a Jjjlj_il ^j-k* JjJ_jj1 * J jj *1 j-jJ l^J 

Jjl J ij j) *^J iil ^jiu jLaJtbj CR-39 - a.M^'il p'ij aiyjb J IhdVl L "j^" j JaLuuaj, 

(27.38 - 41.81) mBqll j g- j — ^U (14.6 - 89.91) m£g// jjj *j j^j-JI ^_£« 

t>j J S ^1^—5 * — *js .j^"^ ' 'J^'" JJ*-L-"J (26.27 - 41.3) mBqll Jj-i^jj ^1 — ^U 
OjJljil JySl> J^ (Tell eto/., 1994) j (Jonsson, 1991) j (Sinch and Vrk, 1987) 
^ jjjll JjVI J-i^jS plJiiuib ij-yJl ^ Bedrocks ^jiVl j>i— aj ^>W j AJilJll ajj^ 1 ^ 
^^ ^t £l£jyij -u^^ij* ^k. ii« jijai jj gUUl ±j$£\ jsj (LR-115, CR-39) 

jjjljil ^jI*jj1 D-bil L^J LR-115 j CR-39 jWl ^LSIS (Barillon eto/., 1991) J « 

■ ^ J* ^ lamalou les bains 

^_a jSLulJI Jib j^jl jl! jit jj£> Jj*-4 J (Abu Murad eta/., 1994) Jij J53 

^ il^^j .CR-39 ^-^^l£ r b ai-L 5.33 5^/m 3 ^jL^? ^jVI ^U^, ^jl 

lift ^jW jo^ JuHi^Jt ^^LWl jjj jjiill ^i CR-39 JjYI ^^l£ (1995 o^j Jw") 

a_Hj* j-* ^jiLl 4jja ^i . j.rt'i^H ^j^l j^ jt i iuiSlli (1996 t^L^aJ) ^14 ^ .^S'^W^l 

^UUl CjjLi^ jU . jliWl wujU 4jj& r i^ H u..tj CR-39 ^LilSll J'^tb Rn 222 JjJl jB aijuul 
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Jtp. — * ^ d jS^li ^jjj *v>ll ^jijja^ dji j5 CjjIS J 26.4 ppm j'i ^Jj 15.6 /?pm ^&*R 

1 — yjS £ al j^ll * jjL ^ a ^jjjIjjjII jjSji J i ^* J - — ^_? U— #*■ ^ * j/ 1 ^ ' ^ ^ 

. 6.73 ppm Jj^ 
^—a oj^J* J^tJi ^4 J*± > ^1 jjrfB J«Sj5 i** (1997 * sP -^ll) ^ U£ 

j'jJ ui A lifti a juut JJjil JJ^JJ J -^-J- J3j CR-39 uJLj'iSll j^Jjj-Jj ^jijj'jj Jjlxil abiij 

.^iljiit kJ ]& 0.31,0.2 ppm Jji*Jl p'w^-j jijJb ,^*Ja* ^a fl j^> L^ 4 j£' 1.25 /?pm 
* jk cJJ p j ^ii j-4 iiHk* * \y\ _i ujP^ 1 J^> -4-^ (1999 * j jljjaJ!) plij 
^L-jiJl iJLjJs 2Uk-b JSyiil 4jjL jkJ LjI j) ii jJjuJ j CR-39 ,_a*it£Jl ^.lil^U iuiiVj 

Cjlj-3 jia iui».Yl jSIS-JI £j£ ^ jjJjJI j>- i .1 (72.28 - 123.2) £g/ra 3 ju. 

. (38.41-227.92) Bq/m 3 j* 

j^_>j j_ia CR-39 - i * K *)J ii**b jl j-^J* ,5— a J*-a>»ll k y^ ( j—i 1 jI* aJ 

jj^^j ji ^ 1^*3 ,™11 ujL^JI ^IjjI y_a o^j- 51 tfi^ o 1 (1999 ^jjaJI ) 

(0.051 -0.111) £g/ Agm j « ^>j ^ jM jjSfc- jlS Uijj (24-51) Bq/m 3 

.(0.01 - 0.14) Bq/Kgm Jj^^j jl£ ^j^l jll jj^-j (32-42) 5^/m 3 j>j*j 
jjikl — J ^^ /(Nuclear Tracks in Solids) ^ln-iil ^*iljSlb ^juaLaJl jxu>Ji ^ij 
jLJil Jj^i] CR-39 tfjj® J>^ ^-^^ r 1 - 1 ^^) ^^ J* ^ (Sadowska eto/., 2000) 
jAj ^ 25 feF^J jjibfl JLiUa ^aji Ji« f '^'-i; ^iijj Ukl jll 4ilLB LJb rJ iJll LjIjj^I 

.iiL jj Ujjsj 20 feF> ^^1 s^Uall OS-* 3 ^ 'J^ ^ U^ >-^i^ b* ^ J ';: ■ ■ ' 

,j « J S ^1 9 ^ ui: j ij^l] a j .ej ul£j' 4 :'- 7" "•■-•' a ^> j * '■ ^ ■^^ 

^jjUeiiil j ^ju^ajil iuLaluiV* jj^ jl jjj*j jt uaj jdijj (Virk and Srivastava, 2000) 
^_a ^;- -«n J 4_ji 1 j>^i J 50 feF rxiM ^jLijjb ^ulJ CR-39 tiasi *j±j£JS1I j 

.(jbjin iLilaj ^>J1 
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j^ ^^n dibjCR-39 t-L5lS f !>i*^ >(Flesch efa/., 2001) > J£ J^ .£] 

. 490 AfeK4_aLkj jj*;i -" CiL^jjl f ^— -i : . : flSfl ^_i j ; i^ ^ JjjVI ^lauij 

jjjbjLui ijiLa 4-^itl ^i ^^ jjJl jjSIJj iJiaj ^j (Barioni etaL, 2001) j 1 ^ '^£ 

jt juJafil Jdjia Jt V^J 1 ^ J 1 y* lj H £^V* £* J-* 1 ^ 1 ^J^ H| '"J iP^i^ J 1 J! A*^ 1 (^ 

_jlj'jj'i uJ 4 LJ.L& . 9 a_£ Jjijjjil JJ&lji s-JUkli aJ JJ£ . l^Ajl ^J J^ JjLmlJI J J*all .^LuLLLX$ 1 

E UA?j£' ill - « ■■■!< f ^— -i; pj^j^ jU»^j1 jt JLajLill jUftl J*wij( IEAR-1) 

fjdjjp > Jit jjS> 
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ULS 4*^! LJJa JjiaJ <ttjjiaJ AM^ ^WjJfl ^itjaiwl 2.2 
^_t iL^Qil kijlj^liil ^^-bj-4 JjUj Uij (Saleh and Meqwar, 1995) j* JS ji 

p'j-wV -ajLaJl i jJajsjil JUfca 4-ul jAl aSI-_j* 4Sjuj jLjii 1 ! >J J3j . jl jkJI 4 j-a AjJjdaJl ^iiaU'l 

60 j ^^ ^-^ 128 j (^-i^jji. * ^ ■■! 'ill 4 uHjL^j J -Uijljjlj iLt 154 £ \+ "■-> * * ij^ . ( -j^laJj 

4 — ilala (j— ■ ^— m > y — jJl £.lLaJll (J 36.4 % 3IJUUU.U f jjjI j_jJI jSUiJ ^a*J - u 4 <jlj 

. Ra 226 jTh 234 j o ^Jlt jj-£IJj J**j 1*3 ^ 1.U11 AiibJI sjUjxjI j«j .iL-ljil 

Jlj t^j^iil Je (62, 28) Bq/Kgm jj^j jlS ?j-)j_Ph P j-*ajB j£> <JI Jj 
Bi 214 ^>.jJLj ^JjJ ^j_^J ^lijt jj* J .(249, 275) Bq/Kgm J&. j£> ^! 

.^jtbtdiV^ AjilaJ Ja ^k.1 e __yi (1 - 3) ^> jJ^JiiJ Po 2H f jjj^ljjfl j 

^l—i*!! >jj *jtLi_-3] ^i £L£jYl o-LL r l5 j* (Al-Azzawi eto/., 1999) Ul 

^3j 4ajLH1_9 JailjjaJI Ay i n "iV 1 j *-LaJI j ^J^l J>* ■ " J bft f- 4 ^ ^ J j . (jjjjWflj jJLuiJl iL-4jll 
-l^^-l* Ajj^II ^Lktt a*^\* J JajJl f buSyi ^k- puS j/^ - ^j LjL-iUill j CjDU^jJ CjjaJl 

CjULj^Jb A hj^^l ^jja ^ij 65200 Bq/Kgm JA J— jTh 234 f_*?j_£ll j^ jiS> 

j u ?■ J J 3j Jl ijal* 571 J liiaJ tC JJ «w m o „ fc! ^^ A i i ill 

Jj^Lj j_Jtl Bi 214 jPb 214 j£> l^?a j».j ^JUifl j-uj (995 - 36205) Bq/Kgm 

pil *jH ,j 4 -* Crj^-yiil i_j m'ull ^j^jIjjjII jjil> jjiajj (Bikit etaL, 2001) Li^-wicjj 

^ j ill ^i ja j>j jsj .2001 Aij Ua^Lust jj ^j ^j^J 1 ' -^ i"^ »n-> (^lu ^La 4CjULlj ^Ajj5) 

^ j_j < a JlSj GMX ^j St ^11 ^ iljjjSJl i . ^ hi ft 4 laLui_jj l^Uj*J1 a j_ft ^a AaJLJI 

l^^J J jilJill UL-EI J 100 feK ^1^ ^Iu^a ifr USj j ORTEC . J^a > g- _^j-« HPGe 
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(jt jjJaJl J-* 4iiaj iiua ^il£jt l^Jj 1.9 feK ^Jl ji J*-aill ejjaj 32 % Jj-iaj s_LiLSll 

Jl jSaj ^uh'^l l ^j|jjtjjjll ^i U — 1 ^ y_jB ^^ji^il jj .^ — il jJbJ J S i \i j ^jl** 

^ SU 235 11 i^i J J .(U 235 / U 238 ) J# ^ji\ jj^jj Lilbj LolS 4*Jil wiLL^j i i.Wj 

9^S 9^R 

4jj1 .;■•-.; i ^' il * A iS^ 1 j 'Jjl*wB ,jl .-—jj-aiiil ajjiljj^ Jji_j ^Jt J-i(U / U ) ^ _' ■ n ill 

jl 4_JL*ilL Jj—ifl J j .Ra 226 j U 238 A? g^l^yi jj'i^ 1 r 1 "* ^--V 1 -* fJ^JJ^ 

^(t/ 238 ) - A(Ra 226 ) = A(DU) 

. '-jj-a ,j^4 — IjJLaJI <-jaJ Jj* kgJS CjjIS j t u hull ji fcj' j jjI'-j 4j_oLi11 i "J lj^ll 

ii VnnR ^_uu->Jl ^ u 1 ^ 1 ^ 1 (Gavshin & Miroshnichenko, 2000) j* JS plaj 

J_iiaj_o ^aw^ J .1*11 <u& fim**h (Kansk, Achinsk Basin, West Siberia) ^i ajjUI 

j— ia a mhB CjUjaJI ^j Ul ^JsuJi »-* _p 35 jug I gm ^il £liN ^ 3.9 jUg/gm J* '^>£ 

Lajjj—1 Ji j_j ^kJ Jit ( 500 - 800) jUg/ gm ju £jlj*! ^jjjIjjjB jjS> <jJ ^j 

. 1 /w j*& ^Jt 20 //g / gm ^5— B 

jLjj jll j- i ^jjj iB 4 uOijil ^ uia - i 0^^ l>* Jj — & J 1 ^ ' ^ 

cj( — lajtil i ^_a ^i>h'ull ^j^fc jjjJI jjS1> JJiaj Jt f4^ ^ /(Anagnostakis eto/. 9 2001) 

,jl JiJ AjjJI -i i . ujjJ aj^l j_4jJt jLiai^ ^J1 jjkj Aii^i^Lcil 4ft'H'mN ^a kli_^ ■ _ ^ 1 1 nj 4jjSnvr- 

^_J*JlkJl U uull ^_a J^ a^l j_A ^J Jaicil pjjjl jjJTi j lijiiB Jt Jja.j11 JJ^il jli 

(0.006 % diLi- juul dL . Id U 234 j_Jiai J oAj ^_^) U 235 jU 238 ^Aj AiHi^^ jjLiiU 

J J -^JJ^ 3 UJ— Sd U 235 jU 238 ^imiiIi j **B 3 pa^B ^-^J* J^t ^UJ^ J j 



NES - NTVA oIjjJ ^a ' li^ ^j j ;'^^ j ;^« iu^«UJ) ^_i ^UL^ a L ^V 

f^Vi i J (The Nuclear Engineering Section of the National University of Athens) 
CjLij £ fJau J j LEGe 4lial_j_U Cj'iiUall ^j'jii 4jIL& Jj-ai ij^S ujIj ^j^u'^j^. l-L^IjS 



25 



4j>iUiifl ^Ji jjiii ^UJbjU 235 j U 238 JaIaj JjJ > L^.l& 4*^1 LJtjU J ; ^ H 'l a*abk 

J it rftitLiJaAil Ajjj-Jall sj^jI JjlaJ j^U wLwu ^* v-^ pS -ii] .wrtjjstil ^i ajjJlj_sJl jjUai] 

U 238 . . J v>buil iLli ^Jau 4±?>J1 d^j ^jiftlioJI v ^-u ^jjjIjjJI ^ .186 feK^Uall 
^_^ a nr- ^_a Jj^jJl U 238 _S ^buSVl JaUJl > 90 % ^il_^j ^k-1 DU^fl j^j^II 
jd^^ ^^ iujil il%J (NES-NTVA) J^a 0- ^j> tf -all JJaSJl J .^*^ ^ jj^l 
JAlil ^jiatl KOSOVO ja_jjujji ^ ■ ■nfVuti *j^j1 jjyM (jLSiil) Alii JjS AjLjsu Cjm*. (jiajftf! 
JS ^j j_j£1j11 x * tU'utll -U^jiiail -UtU-iyi ijiiaJ tiJj ^LUl ^ (Jfc _£>-_£ u 1 o^* 

J^_iy> jl ^_J1 ijUyi o^i L*£ .330 Bq/Kgm Jt J— jU 238 -J ^ftbuSJH iUtf 

4 HaiXa ^j_j La LiLt ^j^l jjjll ^Uaiuj cd^jj ^jjj ^Iji*jVI -LLiill ,jj1>j ^J disturbance 

I 4jcl*j£fl 4oiijti Ajuioj j Weathering -uilicil Lj_jjliljj Leaching -^IJA] 4oIaJ i^ni 

OL_bt JjI^j ^j jaj^jS ^i AjjWJ! CjLAoxJI j*jj .(0.17 - 5.5) J^j c jl J£U 238 j Ra 226 



^^ jjjII wiulja j& jyj* Vegetation iJ'ujfl ibaJi ^ ^ jLuj * h i^ hi J ^JjYI ^j* 
^i ^> .j—iM 3 — jjsyi ^», j| ji^j jaj .(NES-NTVA) o9DU Penterators ajHJLWI 

>^a j 2SJ tJ J ^fil suWl Jal i£j» jl j J tu Jaiofl fJ jjI jjJ'uj L^j^ J-J 

u_^ia ^ .10 ^-Jl mjjU* 4*j5 ^1 J^ul (U 238 / Ra 226 ) -u^j CjJ jj 2000 Bq/Kgm 
^ Bji C^jISj AiiJl DUo9 U 235 . J Isotope abundance (aj>U^ &j4j]|) ^JSLLa 

A — ujL jljxJl o^ It ^-Jaj^a (LLRC Journal Radioactive Times) *1m ^j>iJ LqS 

Ul j*l ^liiD ij jj Jl«j (Busby ? 2001) ^ibJl r Lt -ui tljjSi (Hot News From Iraq) 

■jjlj xJI h j-4 A-iJ_jlaJl AiiajjJ^ fljUjr ^JJ^Jaiil DjJ_)aJl «lji J-wj'j^i^ ^ jj^sJ\ l-jLAjJ^ ^Jt tl^JJ'l 

^ aHVlll —j 1 ^ Jj3 JkC l [ i t olnB i^j| jjjll i_iilji j! Wit J ,_^4 J^UaJI jialJuaJli £+±* j-St ^JjkjJJ 
a^^AJ uib i -^ J k iJ j'ill eJA Llljuf J3j .^jiaLiaJI dill ^fl ^LuT^l ^jJjuL4 J-L^ _4 gjKll Uji ^ 

SjII 4 (Dp2/449sq.cm) * * ^ia'^l^j Aijflj AjJi^jiajS AjJUjij ^*aj JlJt j^ jrfa- jU^ 
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^LJ1^1»1jJ1>1j*2n1 uMlallJ^Jll 



fH Kiil Ij ^J J *% ^Ui,m>1 i&Ul Sr 90 f jjuijjLyiil j— it j 5.5 AfeFULUI ^ 33 % 



^ J J ' (A- 10) (14.7) mm £>i <> 4_j51>iYI ^iaJl wu*^ aj^i l^a CuJa* ^^ 3JJj 
4jtU ik CjIj Cj_jI£ e^iiil sj^j 4_kii-*I KjLaII Lojl9 .70 mm ylS 4JLiD 6- jj i « jaill ja 

8 Ujh "irt J &jiJ 4 3MS* 2000 CpS > j^C 4 jlr-lij 1 \ii ^l *]■■■> -ticb M_dL& 

jl . Pa 234 j Th 234 LJ^ ^Uj ^aJ *3frLdt >UiJi ^jjj J^Uil Jl jj*j ba j . mSv/h 

J 4lxj aj uafLl J'b'h'm J .1*11 JJm ,ja ^jitl ylS 4S jjuaJl ialui "S liA iUfljnr>l JkJL JJbm 

(0.1 - 0.18) C/75 JL_S »lj %^ll ^_ikia ^_a L^iu .(0.01 - 0.02) CpS JA j—^* 
j_j ibjjfll ^LU ^4 l^i UJlfi iiulS iutlji^l iJtliil J Jij jaj .0.13 CpS J^-4Jj 

U .^llftil JSJ 4X-L* LJL^aJ ^11 ijjLuw *LlL£14 a _jii] iJjLyiLill a^A sll-lil -1] .*j-*iJt CibUill 

-^ u - - u -j j^jJ ^j^ ■■■* Ji'jft j 1 sluj -ii Cjblilll * JA ^j-c ajlja] 1 ! iuj^l] uliia.1 Ji]^ ■ "" ^ ^ j*H 
tlij 4 jjli LU=ai.l Ji CjLAjJI J±3Lu J j .Ijjj CiLtL^iJ 26 Q?S a j^ai Jat'j^bj ijLill 

tjj 111 *tji ua Jlj a Jj* J-JaiJ *J j pu-« IjJJ CiLtL-iaJ 16000 Q?S jij J±-aJ ,-llt pL*_ki] 
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Solid State Nuclear Track Detectors V-afl ^ j^iil jM! lj^IjS3.2 

Proportional detector t/mlffll ^-aUIS j Ionization chamber detector JjUJI * jii <_iLi£ 

jjjllil ^^k- ^iuLi i_Lil^£Jl D2i Jac- likiG jl j Geiger - Muller counter jLla jSjIS Jijcj 



tciS Scintillation counter tf ihj^l j1j*JI ja ajjW^I iJLai ij..i>fl j^_t jj_a.VI 

Semiconductor tl£l ^aj-JI *h £A J JjI jS \ l-=jI ^UIja j ,^jj^^^\1 Llal ^jhi->11 l^jk- 

i j ■'■*!■ -^ii ia^Lail Aa^j ol jaJII j Cj'jj^UVI J* pi jjl ^Ijjj \±i* ijSj Jakj ^j11 detectors 

Surface - ^^ ^ 3^^' tills .*s 'l*£ ^j*j1 j£il ej^l J jiL^ ^iki* ^k- ^y- 1 ^ 

(Durrani and L ill £jL*j — u& jt i Lai tJti±M <*-LH jSll j^ Juu ^jJIj Barrier detector 

.(1982 Oj>) '(1993 *i«^i ) ,Bull, 1987) 

-U] ua J] j 4 ^Jb ^jjil_J ^lli^B ,CJ>JI ^V* L-LH jS ^jjiVi <JjV^ ,^i CijgJa J3j 

( jj^a) uE JS^ ltaf k. jjj>ftjl jj^.^h slik-Luiyi jjjUj Qja. ^jlt Ublifl LjJ Lukj^S 3Jjte 
(-U^iUll ^lidl) ^b^pU ^^>j ^311 J^ILJI ^'^ ia^lifl JjJl Dii J ii .u^um 

Lj lift. J^ *■*. L.ijhi l l ^ i l .#. ^^^-^. H ja *a . .i ■■ i . ,i ■■ A jh iL ..1 1 a jUi . "i -.-. 1 1 ' L4 ^il e ia. ^JJa 1 ^ s^ i •. +. \ Cf 1_j^_._ L i _ Jj 

. jjjS J£^ Degrade IgJUb*! 
.(1999 tj*c ) ^iljSll cSE ^ ^U_j>^11 
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^SJloj Lai jjjS JSJb 4 i^i nil ^ j_iiil jJiM ^-1*11 jS ^2uuil kIjYLu klj^^jLjj ■ " It i inl jiJ 

i L^juj 4 Jac. 1 ft jl^Jal j jCVI Ju§ 4jLa£ Jl la£ i'^jilS ^a'blui j l^lLwU AJj^juj - 1 

.(Khan and Qureshi, 1996) 
.(1997 t^aj) -Ojji^wj ^jliijg-U^l ^> JuJaiLUl 

^ w^J jit J^si JjJLjJ 4jJ jaJ iliU.j.lfl Jji JjliJUj tiijsJl e jtji. ^ijJ y -UJUk-^1 

.(1990 ^^r*^ 1 ) L* JJt J L ^' S ^ ^.Jj '-" ^ >*B *^ft iJ ijjSUl jUVl J>a jjc 
|j] 4jSAj3U1 UuIljSil j LSjUII ^i US 100 % ^1 J— i J ouJl* **l£j ^U^ l*J - 4 
L*a1&j ^jB jByi o>UL liliij Ajjjjluil £ jail ^UJ ji ^jjljiB jiiB ^LjS ^ ^lii^j ^ 

.(Tsuruta, 2002) t{n,a) 

J 1*31 * jUfr J— J jia q— t 1 j^--- j-4 J 1 ^ jt JS aj L*i£]_5 ^jjb) ^;^-* V JukiiUl! 

.(Yadov etal, 1980) Degradation 
.Cjlt jaJ ^ Jit ^?i4 ^jLS ^jit ULLifl L^J - 6 

j t 1 ft jjjiauj '1 ^ \\-y uj ^jS-^J ^^^ jUailJ^l LUa^iS <Gj-> 'mF ^JjSiUk i^^l aJmi->11 ^1 - 8 

e j ft ? *j ilujb CjL-jj^jjB j ( 4 He 9 3 He 9 2 H 9 ! H) J 1* ^LiaJl ^j^ijiJ^ LLlflj>.i>B 

I -ij^LJ 1 ! *-\ jjr&J *^ ^J^ &l ^j^^ J' t*- 11 l5 * '4 ^ ^"■■^ 1^14 Aiiluk ^jii±iaJ CJ^Lu 

^_i c^a^J La£ .(Fleischer etal, 1975) w ^j7l ^bj^j <Szydlowski etal, 1999) 

iuJjjj ^LJaill ^k-j diliU *Lajji J-a^_j ^(Durante eto/. 9 1996) &LaJ jfc^ltj v 1 ^! JW^ 
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^^jllpiUJial^i ayLiJl^Mll 



j ^a ^_aJI Jjt jiVl j* i*j US ^>ajVl _ja. J] *l^-aill 3latl ^> -u^liil A-ijjSil 4*Ji71 
,(Planinic etal, 2000) *j_^jV1 ^1 j-^ u— *JjP*^ CJJl^\ j* iLaJj JjijXL 

.(Papa stefanon eta/., 1995) 

4J*fltft tf 33^ jWl Liil jS £l>il 1.3.2 

^Jb kiljSilj Aj._j iJaDjlN i_LuJljSJI' LkA Jj;— j'j j;* ii,S ^S ^_jj3 ^Vl - LSI jft - - aij 

jLL iJYI U-ia ^JJ ^Uj.jlijj'l jLjI J; 71 ■ ■■"I ^Jiii-d J ilSjl flU v_ lull jjSJI e-iA 9-\y\ JjJ ,J*$ 

oj\yu hdib j ja^j 30 amu _>* jjS*^ <££Jl Cjb Aj^au^il ^jj'iiiLl *uibJ^ j^.-i — ^_« jH4jj 

* i .'nlS Ji ->-e 3 ^ 400 C° a jl jaJ ^.jJ ^ <j_p,..^ .^llifl ALi-^i .lit ^JbJl 

a jjia i-u >..j )—** (10' 8 - 10' 10 ) j*s>u fji^j f j^Oj^ 1 ^j j <^ l? y*i ^^M 
Aijjj 48 % jjSjjj HF ^j^ifljji^Jl ^ji«U. J^ia-4 r^"* L 'l -J - 1 "* 11 **** ^ ll£ - *j&1**M 
1 i ■?■£ '— J .(Durrani and Bull, 1987) h .ail ^d*c ^i (20 - 25) C° jj^j *J j* 

4jjjj1I L^^UtliJI ^J 3-uaAiljj iJjUjJluil jj& ' «^" ^j bAttJ) tiajSI Ja Jau Juii ^Ujll 
^jiiAJ J jl IcJj jUa iWl LUa t4 ( j J u J iaj ^^Jt IjjIjLSj Ajj'btil e j^ jaJI Cj'LijJ ^ UVli ^Ujj 

. (1999 , j*±) LSjUU US l^ iuj^'u J3VI jl*ia ^ ISjLJ \ t W* } ^ CjU—IjJI 

^jj Sjuj Monomer ja 3 i$A tim ^-^ ^fl ■ ^V £-* ^Ua-U^jAj ojj£ja ijjijLja LHjlJiat_j Jja ^JjSijo 

1 £-lit L_iLLi -UaALuiJ «juab 'i (j > i-it 1 « ^LLjl^ja Llsl jJ J^ ^jJJb pJaju ^j jA^JjyJl Cj^iij 

^3 JaS ^jiau -Jj'LjSja ^Jt -U_^jJajtil Llll^iajlftJ^ lJxOjjlJ j (H-C) Jj^Jj^ iJ^iJ" 2 ^ ^>^1 

^JaJt ^l tljUia.jIlfJIj ^liJ>iSil (jJe jj^jJjiJlj jj->"^ jiV>j Jfi_j>l^Jl_j J_jjjlSJt Jj^j^ jc- 

p'j-kipi] l^ iJajxJ J it- _^joj SJi Aij-bdi ^jj Sj ■Jj^j-J^ oJA /j^J -iajjiJ ^JA] jj-al jVl ^ irl ' ^jl 

.(1983 i^u.) ,(1993 .a«^) 
a *Yi\A Art 4ib (LR-115)j(CA-80-15) J^LJ^JI ^IS^Jj (CN-85)jjiiLJ^ ^ Jn ^lc 
^_a oj^aJl i^LitjSJh > 3_jLiJI CjUj^I ^jj (C 6 Hi 8 5 N 2 )n ^U*AJI ^S> (CN-85) 

^ yl-il -^JJjli Ja tji^J 100 //W t-LM jSil fl^A lIcu-j ^Jluj .(1997 t^iJ ) iLiufl ljUjjV^ J 
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^^jllpiUJial^i ayLiJl^Mll 



rcj nVr- -ij i.j kiflAl ^>*Sj_j .^IjJIj jUj-il] ^lill (LiB^ ^jjA^AJl ^j1 j^j ajI j J * ^a 



~ j 



Cj' Jj^uiJk J_a Jtlilii ej^Sk J_uJaj£- « Ula^ J^LSJIaj L&jjj£ * Li - j/';^ J B tJJ _j j-ill 



Jj 50C° ajlj-^i J ?-J-J 4N AJ jU*J NaoH fjJJ_j±-aJl ^SjjJjA -^ "'■■■; J Uikjll 

.^LHjSJ > £l jSVl *ja JaiUl (3 - 4)hrs 
^^ix £»jil ^ j jSj Ci 2 H 7 0i 6 N 3 ^U*AJ1 *u£jijLR-115 ^LaSil Ld 
a^ — y, VJ Lj (LR-115IBjLR-115II B^LR-115^ LR-115IjLR-115 II) 

4 j jU*j NaoH >j^-jj? i-al^ V'"^ jj V fc Jj^ * r -'» ^"i-- ! ■■ - n.^^v. ]j* ^" a ^ . jlkjulj^J j^ 

Cj 1 , jj^-iiJl p j a. ,jJ jaJ i_i kjlSJ^ tjA jfcS^iuj j *5hrs eiJj60C *j^j^ ^?-jJj 2.5N 

j jSIjS ^il ua - 3 LR-115 II ,3-iiJ uuj liil LlaLa j--^ j ^juj-uJI CjLjj^uiJij AjjI jaJ 

kjJjdaJI ^J. liAJ 1 j J.j 1 Lail J—i'lJj <-l -ail j ^ JjiJ^ - 2 aj ijljj^ilij tJ_^lj H 

.(Nickolaevandllic, 1999) 

j_jjjIS jJjj ^^ ^jW^- 3*3 LJaJ ^uj< Ht1\ LjultjSJ^ jjj J3S3 jSLJ 1 ! lJu! 1 ^ _jlj 

AjiUSj 300 //w t>o 4 S^mi ^jLj (Ci 6 Hi 4 3 )n ^jIj*j&I uj SJjM <JjPloy Carbonate 

3 

PtJa uiH j j Sj jt - fc '7; j ^j*li ja^lj .^iiLa^ LiA-li^ jLaJajui _LLL£J' l^Jj .1.2 gm / CJfl 

j_t jjflijVI > 20 % fccxKOH ^j^Ij^I .y^SjjJjA j* 80 % £>j SJlt ^LSISII ^ 

jl 31 Jjja i^j ^j Sjoiil ju^jSll j-* LiS'iSll 1-iA ^uj ,4hrs oiJj 40 C° *J j^ ^-j-i 

.(Barioni eto/. 9 2001) 

^jiljSj (Ci 6 Hi 4 3 )n ^-iUfljSll *uSjjj t^JjiiJl ^Uji».->Hj Fission fragment jLiaJij^l 
4—ijLjjjall (j-ail — L-aaJl ,_>iuij ^± Jjij jSUJl ^ Jjlij (Tsuruta, 2002) 1.2 gm/cm 
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CR-39 ubSUS 

1978 p lt bja li.il jj ^i r ^-.-.ii CR-39 y L --" y- 3UI ^ jjill *_LS\iV j^ 

j. n^ * ja j juj-*Jjj ftjLa jt ftjLit CR-39 jjj .(Cartwright and Shirk, 1978) JjS j* 

J j_ Sjb J—JV1 ild — ijjjlSJ a j — oM *Aa£. j* i-k£!£±] \ja >aj .Columbia Resin <j* 

^JjiU&j (Ci 2 H 18 7 )n * — 1 ^L-jLjaJ * «^oiljPloy Allydiglycal Carbonate j-jiUI 

*iijll 4jjuS>JI ttj^l <J j. (Fleischer eta!., 1975) 1.32 gm/cm 3 
O O 

I I" I' l 

- CH 2 CHCH 2 0- C- OCH 2 CH 2 OCH 2 CH 2 0- C- OCH 2 CHCH 2 

Digly col . . . Carbonate . . . Allyl . . . 

^A CR-39 ,j-a jjJaLa s—kjiLS ^Huj ^ .laa tJjilSJl i^t j;— -^^j JJ>^ J^ Jj* *-^ ^jW^ 
^^LS _ja Li J j^lau* >J ^LilS ^lli! ^ U£ CR-39 > ^k-1 Ju^L^ jj SR-86 *_^l£ 
.(Szydlowski eta/., 1999 ) cAj jS jjdl <> ^UUl 4JUJ1 ^l^j jlicj ^1 PM-355 
*_JUfl *j ..J^ll ^Jj 4 it >nll ; i m.Ij£H > 2*j CR-39 ^LSIS jli t ^lt JS^jj 

j o£jl!j Lj uy 4^juJa JaJ jjll oJA j k—Ll'lSJil a^Lj jj<jjJj-4 ^j ^jjJjlSJl -kjl jj Jt- ^ j^aJ 

-La J j. j ^j d LJLs ua^ iai jj JLLjj *JJ ^JuJ nr* H eJA S-ibj^i p 'jt^pili IgjJajKJ Jit <J_^uJ 

IjUSSjI Jill CR-39 jiSIS *^al LLlhjj .thiJ JaJjLJi ^S^Sll <u£ji ^1) jjjjISII 

; Ifj J^lj ^jfl ^al jiJl ^*Al j-4j i^gj^j] i^jjjljSll 

lji JjLu j Homogenous ^laL* ^I^j jt jLjs ^ujIUJI ajliiilj ^jjj^aJt UIL£S - 1 

.Isotropic 

^ a'-iail ^j 4 A sri' 5 ^J Jj aJ__ Jj-Jl l-jUjh&jJI jIjI Jj-> iJl _i ^lilj'j, ,j^-C XiJoa 

-^ xj^uJI tljl Jjjiuil 1 uiLuii t-i ulUI IJ A J-juh ^j— a j (0.1 - 20) MeV 

.(Durrani and Bull, 1987) 
.High Resolution 4j1UJI ijljU'B S^piM - 3 
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■*<- - tjL-aL JDLk t> Jiajj Jj JJskiilill AjjUoiSJl JjlliAJi .j t_i^ij ^ j t^UKjikil jjjlall 

L_uji. j j Inflj Cross-Linked £ — yuil Jajlj^-1* /Thermost ijjlj^ ajjI j£a*J -0-6 
.(Barillon efa/., 1991) (Amorphous With* 20% Crystalline) 
j— o J£H ^ f s H i..J Jia CR-39 ^LSISU "i^r^j ^tf <U j±«]t j ^■■niH ]J^ 3 

/jjjjjII j (JJ-^ J^J ?J^ JJ^ Jti^J^ ^W* ^ *Uil^aJjLL^ l^-La nJjlf 1^*11 ,J-4 JJ-Jiil j ' "" ^ a ^ ^^ 

(Barioni eta/., -u^/tfl j *L*Jij (Falk etaL, 2001) =bja ^j *lid* j^ ^ij J jlid ^ 
£j_iiBj (1999 i^aj-aJ ) ^LSMj (2002 ^jlji* ) o^^ 1 o-**^« ^_aj2001) 
^U^JI jt ^£J1 ^i ^ Vu„j US .(Khan etaL, 1988) cAitld j(1999 t^jl jjaJ ) 
^5—i Jil^Sj .(Sadowska etaL, 2000) ^>l ^IjjjI j Ul CjUlu^j l^LjjjjjILS JJ^a.iJl 

^ol -coil ,- i ijj jj^ilj ^jjj^jj Jl jjSJ^h ^U^J j *V?jjSJ^ ^-sjjV^ jt ^aJUJt jLLYt Jj> tv 

U-J ^—=i ,(2000 i^L^Jl ) jiwyi ^i ^jbP' j» j-^> Jm^ ^_^ ^jijjaJ 
.(Henshaw and Allen, 1994) Ji—Lb^l jli_J ^— apb ^UajB jjSji ijLai 

.(Planinic efa/., 2000) ^ j^j JjY jU ^>£ ^ JJ-H ^ JjY jB Jo* 

LaLk.j J* J^jaJ <Qa iJdSj ^aJai lJ^J 3 " j ) Jrf^ ^J^ CR-39 wfcj'lSil pS h,.j US 

*^Viinj kliji (10 - 30) f7m J^ ?- ^l>ij >^i ^ltinll i_LjL£J^ j^s 4iJj U^ij 'ujS-o -lialSll 
x^j ^.j i ^ .(Durnate etaL, 1994) *^ll ^ ^uiUaj-Jl b^Lll J-ail jj^il ^ilSit Ija 

jjV) Oi^ M^ 5 2 -3.2 

4Jj a.fclcil CjLu uiaJI J (^jS/'T^^La-Uj) iijbJl -UL-aJi Jt^*Jl ^fl Jij iU 

I J 4ill_jB «jJbal1 ^jJaUcil -UiiXt jSuuj Jl>Jl ^113 ,-i lAjj>a Jifr Ijlll gj£ ALSjII 

M (SjjjJoi-Jl) ^alUll 4ikU JSol^ ^>s jjj .^jjSUI ijfill ^Lla jl*i] j jii ^it J^ 
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jfr 3L^a -L^ji AiO ^LLJ ^ L*l .(Durrani and Bull, 1987) *->L^l\ ILHSfl sjLdl 

ji] .Jajuill J-4JJ -L*1UJ1 JliajSll JjU^ll ejlji. ^-JJJ JjSjJj f jU <jJt to^kJ j-i Jja^ jjJI 
Jl j *jl Jllj ^ j'ijV^ JjSlJ jJ-udio] ^joJiU] 1 ! Jj-4 AiJtJI Jjfl ^ sJiu-4 LllLjiaJj T-uflJ ■ " ■■ ■ '*+ + 

*j_J-uaYl j j > rtll Aikla ^Ji kj^Jt^O djJl ^ JjVI uiJ^ jjiuiiil SJjLuJ Ajj^uII J j 

J i j_^ iij — iLJ^ j Ion Explosion Spike ^j_j-_/sM J — iij^l *j-^j ^j^ ^ 

* Akla j^J^-^ ^ * * jL ^ ^ -UjIUI i-ji ji mi 1 11 jij- ■ . ■■ i ■ ii V 4 .(Fleischer eto/. 9 1965) 

^ i^J^l <^J ^j/^ JiIajI a--^1-C-j ^J*j jl 1-ait 4<Ji.jjoJi i^llLjj^ifl jj-A J.lt jj^^ ^^Jt ^jpaJ 

_ 1 o 

Jjl J ^J^^' ^^h. 1 '''^ J- ji*^ hJ^J^ AJjULi 10 Sec Jj-iaJ ';;—'' !jLj-la JjjSj JjUjjSSIYI ^-* 

Ajjl ull ^Jial 1*11 J j a. 4jt3^_jJl ^jfl-lLuaiAll Llll j^il CjLjj^SJ} Sjoijj u^J^ LjU_sJ*lM a^A 

J Ail ^iajuil ^ uaJU ija jiLiii ^c-^J 'U^j-Jl CjLjjjYLj AjdLa -*^ jU...j *UJaA« r^jlii L&jLjlJ 

jj ^ Jl j aj ^'lL4 4iiALfcl^ o^? It jli l^jkjJaLui} LIS Itj-jIjji Liii* Ajj^LJi ^SumiB -i s ^ 

a aJ >■■>!! Jj w ^uiot (a) J1*j ^ jU71 jjjS: 4jL*c ^jHj Jj-j(1-2) J£*Uj 

4 i*_^ij£Jl Sj £lLL ^uu (-lil j-ill A^^>* J ^_p?^J (^h ''h.^v ^J 1 ' 1 ^ ^ i— jUj^YI ^_UJji <iijpc 

h >^iH AJLc ^j^j I jiL^j (b) Jtail ^J LaS L^l_*i ^jJ ^jjI^jY^ CiUjjV* J_*^ iJ>?.>Jl 

. (c) U^lj 

< a ) f b ) f c ) 

o c o e^ o o o c o a ^ o © ^ ^ o ^ 
O a o f! O O Ooo A-(6 o cl cl^° /o^* 




° / Sj° D °s 



i 



<aL - •' ' >»" ^o*, °/ o ttt *-o 






■ [Plcische: ki al. r 1975] ij,- 
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4 § »iMll J4U6 



^ililljujll 



ciJ- 



-a-j j 4 t-JJuJ e jil£ ClUjji. ^jC &jUt -A ^-jll ji CjI jjtJjfH ^ LJ 



^ ui 3 J— a V il ft jA j /(H-C) ^jftJjll jJijjiA ijm-al ^jj^- l-JlUj AiflALuii ajyt-aU ,jj1j1B 

^ u'uja *Ul*i "— jblj-J uJ-i ojJu Ajjju^^J Jjuj^ull l^Jt gJJJ Lu p-bu^J l^Jaju JJt juu^il 

tjj_^Vl tldjJJ a * jl I jjjj l 4Jd J^-cliJl ^it ULlllk l^J ^JUIj ijaJ j>laJl ^^ 

jl Degradation l*EUd jA ^1>qj1jJ ^it ibuSDU .^jB jitt» yU ,J -(1993 ,i*w ) 
-UjuujjII CJ jjjJ3 ij^JAj jl jjjUHI jl^Aj tj^aaj x^a Lj^a*j Cross-Linking I^jIjj j^ ■ *\i mi\ 

Jjjj 7_? jaJ^ *Jl^ ^i Damage *jE ^1-iaJj tlfiu Bonds -bijjJI ^laS ^^j 4-^Cj 
J .Latent Track J-^ISJ >JVL jj>Jl >-SVl tJ* ^»j^_? ^L-iitYl ^ijjlUI ^i 
J_la 4jjfill JjJLaJ ^ JcLttll ^it jj£1 ^LU j^ jj>dl £U^1 jjjUj UO JilUll 

J^Lka 4JO ,j^Li*B ^*Elld ■■'J"Q ^lj **jl«dl ^LloJU UjlLi NaOH *j£ljtdU -IiwiSjjJjA 
IjJ i_d *J^ j uu ^Jm-JuJ jJbLi*^ iJJ^? .gjlj^ll JjK *11 jjli l^i tk-4jLJ^ JjaLLaJl ^a jjSI 

( j j j mIIJJjs'i Sil j—TlM A-iA'tiL* ^jS^ajj Uni'ill ^j *j'j j £-* e j-La ^^j *0ut Jb jj I jil 

.(1999 ij-fr ) *jj*JjJI l>^J1 




K7<^^^^ 






^j^^jJI J«£l-Jl ^Ic £bc_iVl ^ ^iJJ (2-2 ) Jiili 
(Fliescher, et al., 1975) 
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m 



sjUil ^4 ULS <UuS^ Jelij 1.3 
Interaction of Gamma Ray with Matter 

JiN JiL-jjll ^§±*] {J* Radio-Isotope i*AJl jjUaJll ^ La'£ 4ul djU^jl i^Lst J 

jl-w J-* '^Hilj'u i*lbj l^JS jl '^Ua jiu j* Excited-Nuclei 4->jjfuH ^^jll Ljji jnKT 

^jjljiij tliKjlaJt ^jjijiil 45UaJ LjLjlo QjAJL-ilqII ^yj 3_^ J_?%J *Llajli j"^-*^ -1) 4JUaU J'l£- 
6J_fc J_^t£. lJ_X4 ^ .s*Ih_i 4 uaU, i_i jl j£ ^^' -1 j 4 JjY 4jujV1 ft-Ub fr-lij Ji'Ja 

a j fcLfaj Photoelectric Effect -uj J _j aj( j^£ji * j*i — M ^a 3 <^j j>^ ^3Qj ^=s 

Pair production Effect £_jj II £l jjI *j *Ua j Compton Effect Ji^_? £ 

.(Ewan, 1968) ,(Bertolini and Coche, 1968) 

Gamma - ray detectors IU15 4x*£J u^\ ji 2.3 

^j Laj eJ 1 . Jl £* ^UiSyi Jclij IAlq ^jjt l^iot ^4 ^j_oUl pUtiS/l L_Lilj£ JkH±j£ 

^A JU^Jt Cj^tUuil Jli tUlS 4ju2I ^jJa JdliJ ijLofi ^1 ji jLSlU Jj^JI J* J . 1$^ £buE)[! 

^J_Sl Jp±* jS jhuIj l^nmj jl ^*L Jl <jLj J* ^j JjJjiJl HUd ^ J-^ ^ ■I*1aj ^jll 

Cj^ilidJIi jj] :Xjudjj l^Aj .^juoJaUi-ajj^SJI ^Iju^fl JjPjS AaLlaJi tejjp> j-alj-flLLal J- -"; Aj2 

^ j^tfill b ja j* 4aiU» iijjl CjUjJiUpU (^jll) ^j*J* Ai\M tf^j ^f*jS j^Uj 
.(CANBERRA, 1978) I— JS <*^a ^ J^ ^Lot ^ ijjtj* jj& ^U— ^J»j ^11 

dlkJ Jj Sj iji ^' j *j-jj^ Jya t— LIi'lSJI sjL* jli IxlS AjujY ^a'ljjk ,jjAj^]^ klj^Lxlx^J, AuuSj 

J 4xj g : -' cl1 i j }L ^u. ej'jj jli dU^j Saia. ^-suiS atliS k Jt Jj^- — -ii JJLc- j'JL! & j-i 

tl *IS 4ju1 jj^lS ji ! _iii'- ^i- -^-x JjSj iJ^alri tj*^ jC diiLiA j . JjjSJI jjal_6i j^i-rtVi ^Ji- 

AjLaJl ui^lS ^j_4JU Jja^jt j ^J^IB 4-LaLuiiJj ^JJU^Jil -Uj^jujj : iiMiSft i^'JSj JJoaJi ijJi l^le 

.(Adams and Dams, 1970) ,(Siegbahn 9 1965) Jl**X 
.(Manneto/., 1980) ^j^u-aj-Ji *Ui* ^-i^ljSj ^ji^mjII 
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Semiconductor detectors ICOUaj^ aUil i-±SAj& 3.3 

*_Ett (jfl Electrical Conductivity ^Uj^ J^ijU "UhjJjIj ^^ Jj^ll lJlL^ 

JUaJ ^Jt j e jj£iJl JjiJt __j A5Uall iiHL* CilaUaJ lL^J Jjij *jaJI ^>^ L^J^ 

Forbidden j_$ — ka*udl -jUa aij ^LjjJjlSJV'u I*jI** QjSj SjIcj Valence band yiSill 

^-Jt ^'_ijjj£J)n j^ bjjij l^j'i JjSj t^jJI Conduction band Jj-^_£11 jUajjband 

.(Ewan, 1968) 4iUjD ijljiil CjUjj 

1 o| *j; -ii-JJ V J j^laJjia 1^j3 Jd^dj^il jUaJ_j ^slSoJI JjLl&i O^ AL^j^Jl Jl^AJi J£*^J 

Ji*ja^ lS'-^J ^LSjJI- iJ}Ua± JjJ ijuaij (^iUa a ^ii) jjrt-ifl Jj'-saJ JilLiA j'i Jj^L^j^l alijil 
V j) l-li. tjilS j^laawiJI jUaiN jjiajt J_£j AijUtJl Jl j-JI ^Jj f (~ lev) J^a ^uajt Cib 

^ S 4 jjSjjJ 1 ! ljI jjiui^M iilala jV LaIS ^jcjlII ■ ink J|JiJ ,-S 4-* "■.Vi-.ii^ ^Jul'ijSJI tl^a -i 

ail 4 A, 4 ^jji !: jJLJ'i J C-Ul *U3 JjJaj ^J jJl ^jLnaJl jl ij-aJl *- jaJl ,J1j*u ^L-a^aJl *U*i ejLJl 

£ljj l> J^ -"& ^i 1 ^3 wS-^ ^-Lil5Jl ejU ^-4 JQaSLJI AjtiiV^ t>l£j 4J-4C- JJ .il-LSISM 
jliaj ^J 10' 12 Sfec U^ Iji Sjix-aS <ji4j e>a J3LL electron-hole pairs *>M — OjjSSI] 

^_jj 4 — t^jjji ^jj ^ jjjj ijft j Leakage current wijuGll jUj *jUj ^11 ^j_>j ^j^JI ^aJ 

^ J-4t l^la LJajl ^ jaJ JS'^l* klai W > Till £**. AJ^t ^1 jjj .Signal-to-noise ratio t;^ ■ ^ 

-* jLtt dUj_Sj ijl jaJVl A^lija ojUjj l§lLJL^3h.1 JC ^ j Recombination JLauIVl eJ^tj 

fl-jAUa ljJa.1 j ^_LilSJl a j_jL _i l_1^_^[ -^.^J U 6 - *ajLB Trapping -llUa^klll (j'.jhml) jaJg 

^jjiSI u 1 jj'uj^S Y'lm I^jjjSjj ^j'ji-lil j*S^> l ,v^: ^iaj x«jM Polarization uMuVI 

- a ^_^j'-4 jail _a JjjSjLiU oj'i. jI^^.ij .Ci'ii^ miB ^u ^ ; ' ^r -j'j,' ^^v ^j ^-a']' 1 J'^uil 

jjrt-> ili Ja. H'-i'i j ;w iii' ^pajAib jliuaJU Jjil^LJ^ j^'^* UJ^ ^J^-Judj^J^ e'oj^i Jji^jS Uua 
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1 <u I g > n-\ 1 1 ^ j i' hIj'I Jj-4 ^ lj AiliJa] e jliifl ,j* 4 J'i£. ~<a.j±* I igjlr- JjjL*»aJl ^J^aJ Ia£ 

: (Knoll, 1979) JL 

^jjjI 4jaJ <_L^ISJ i^b 2.9 eV *ba> 4-LJa i_jai — jj >£Jl g jj aJjU ^uj^Ul iSUall - 1 

■ jjSjL.ll ^LilSJ 3.23 eK j 

-Ua iSt CfJ *U pi 'L J a j oj— SI jJiU'u J LB fUil^l iJltjj ^aiiJI Inlrf. - 3 

.Collection time ^ii'di-ill ^j«j J*j J* J>^ Carrier lifetime 
Ji \s W *^j£ pl-i*U ^ ^J*^ jUj j* JIL UaHigh resistivity aJlc- a*ilaoLlo@J - 4 

tlij a-ill £ u 4 jUr. JY ^iiJj pulse rise time j jn-fl 4 — uioitt j — *j j_^a j - 5 

4 Sj—aJ) ^ It oj j£ J jL^ CjU aJUl *J ft -*^ ^ it t* ■jjjj jj— Sj 

.High electron-hole mobility 

ti^a^l oUJU Liil jSJ A^^iiill ijM 4.3 
Energy Resolution of Semiconductor Detectors 

JjJ jifb JjriV J-^aS ^jit <liLJj < ifcTJSl AjLLsjH fljJiil L_ij*Jj .oj^i JjjSSlj JJJ Aaljil 

,^_s fcilSJl J iiaj fljJlii jjJLLt FT jiikfl -iaiil J^ajt JbUj tLa^Ua 4-ajfi tllii J* JgJjlSlo 

* B fcJI * jJIaJ 1 «'£ 4*j£y i; m JaaJ ,jia j£ i Jb j ,-i pALui ^UuiLJ J*l jt 4j!Aj c±UU* 

:^a j Mono energetic 
Electronic noise ^jjiSWl jfrjynH - 1 

^ ijhtt -LaaJl ^pajfr ftJljj 4ji& ^jji&Wl gj->'>iB J**j -ij .amplifier noise j^UI jl^i 

A^=e(^c/2)°- 5 (r^/r^) - 5 (1-3) 

Charge carrier life time CjLii — Jill * L^L J— a j J^ ™ ^ j RC shaping jj&*11 ,^1* jB 

^ 11 ^JJ^J ^JBj l-LjISII ^JJAU j^Apafl -laiJ' L^J^ ^- P7J->^H jilU j-4 JjIiUt jlScybj 

jy J 4j udil eJbj L j£-4J l*S .^jisjJtil ^-igJ JjLuiil Jjjij^jj^ f i S"hiijj t^Jj-uiHl jli J^a Jdiiill 
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1ol£a*£lJ^Mi .iJLiJlJ^l 



< I ■ uLba 



.(Ewan, 1968) p j=i,uJ jjL*U 
Statistical Fluctuation in the Number of Electron-Hole Pairs Formation 

4SLk£ J_^jiil ^^ J* * J*- P^-* 3 ^ij ^-&^15JI ejU J* Uttu j'-atl ^ JtlfluJ* J>-** 

^j^jjlj jl ljBj Jj^-aa. ,jB ^j^ Ija J& .primary electrons 4jIjJJ ^i ojj jUl CjU j >SJyi 

*ji 5VI * =Ua 4 SVJJ I4JC. jJJJijH 0^ ^L*- 3 ^ <-fci*3fifl **j5 ^ -4JjjJ £laJj^ < im-ia 

:*jO ^^UJJ UJj *jaj _ J 3 j&\ JJiU <-j^U iSUollj E *A^LA] 

n = ( F %f' 5 (2-3) 

^S c^^ jU /(Knoll, 1979) (0 - 1) Qa <^ CjU^j Fano factor jjU lM** FJ Jj 

. jj jSjL-ill 0.5 j > ^jLa^aJJ 0.13 ^ j'uuu LgJ ^ j ""■ -> *$£■ Luiu^ uP 3 *^ J^ O 4 ' j 'i or* jj'j j^j_4 

. JjjSjL*i11_j jijJJ'uLjaJl ^j-4 JSJ 0.1 jA Jj'j J^'jlaJ ^ * \-LV..*H ^Uuiil J 

j j*l lWj£ - 3 

a u *-_jjll_j lJlj'.S]! ^Jajuj ^jit L4IS A*iil Jajiuj 4jjI j *J3ii^ j Depletion layer t-jljuu*ii\ 

.(Siegbahn, 1965) ^*il£Ji * U>* jt ^ iJ j^i^^Jl ^ wi i^h Sj ;j_ijUl Liji w > ..11 

IsjUuJl <UA^ ^jjjUjaJ lJu^jS 5.3 
High Purity Germanium Detectors 

J 4 j k-] A iUal LalS AjujI ,jt ir iiMiSH a-iUS ^-a1 ^"■■■■■^ ijlt JjuiL fj^'uLjaJ ^j 

jIJJqj^jI 4jJala ^jli JjSaaJI j^t j^4 4Jli ^_t^l£ ^ ^^ ajdjlAjaJ 1 ! OaJluiJ La^it j . 100 keV 
j\ L-ilj__&Jl CJ jLafc j'li JJJ ,4jjL£t^l ^Ll'iJ^ 4-Ljj ^i ^Lltjlaia ^Jtu^J j-4 ILiiJ JiSl 
j 11 U Sj^jll J-uaJ .- j11_j J Jill J Aiiaic ^J^, J ; ,m V ^J ^i ^ j jJai: ^i ^ >Af^' lS'^H^^ 

ljI — ^ia 1 ! wJ-kjbn ^i Lajj .jjSjI 1 jjjS ^'i.nj j^ jIaj Ge (Li) ^_Li^jS ^i J .(10-15)mm 
^j_iaJ* ^__jjjoil jl j_ft Ge(Li) UlII jSJl &^ ^ ^uyijll j Jjijfl Ji±J JSJ * LolS 4*^1 
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J J ii JjjJ ^ xia Jiil j-4j tiajsji ajl ja *^J^ -^ ljiiiu jj£ gr^trf-ij ajjljll -LliJaiN _jl 

■jljsJ CjU.jJ £'Jujl u_i^? l kjL^V^Jl ^ Jii. lL.1*, IJj n g.ii'.Ml iilalj AjJj^ ^AajJ J^ 

^jLuiULj Ajj-ui^jJi ^jjjiill Laj^Li jjSJ <_LjL£J IjA Ji3^ ±£ JJJ JU ^' ^J* W -1 ' ^ ^Jtf^J 
jl_jbUJl 0^— Vi **jl_Lll ^Jlc f_*uL*jaJl l-LSIS £i-a ^ jl i(Knoll ? 1979) J#*J j JJ1 

A 4 l-J JjiTu Jbjj ftlkull kiJjiill ,1k- ( p-n) iL-ajll L-il jiui^l Jikia ^iajC- J (jE^iM 

il = [2eK/riV] a5 (3-3) 

rf = [2GF//prff 5 (4-3):^lSOW 

iuiLt ^^ai ^Ujlidl j'i 10 10 atom /cm 3 ^j^ ^J ^Jt^jM t/ 4 ^_*^ j£> J 5 ^ 

j 1 oaJTifl J laomL 10 mm ^Jl LjljJL±uii[l iiisla j_pajt J-JJ J !_A^ Ift-iJt j AjilS aj^j^aJ 

.1000 Fb/r > JM 4ilji *& ^,riS*TI 

Jj-lJj Ge(Li) ^Jlj^ j£J a^ji-ail fi^ajJ £* <Gj'JLl AJbtfl f _*a*i -l^^ J^a-ail J-4 4jJt j 

J iiMl ^ju;^j ^j /HPGe ^-Lil^S ^c-Jj (*_j1ii3l Jk. ^^LajaJ) y ^IjB ^jjjUjaJ'u 

J « ^ al^ll ^5_^ lull b h J '* jl aJ ^pajiJj -ialS pbuuJ Uula ^uLS ^J j^l 



iit lAjLaJj ^jfi^ ^Ifr jJt ^jLu'ja < J ffl'n< 10" /Tpw ^j- 4 (J 10 atom I cm wljjJjqI) 
^ jJLUAJl tj il_iii]l ^n mi 1 a) tiLJjj P-type ^> j * JjSj jl ^ 1] Jjici ijlijll 

.(Adams and Dams, 1970) ,(Siegbahn, 1965) 
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4- Juol9D.C JAi um jji ua jl i AjI ^-k^ <_ Sjkj ^5-J^J J -laji-all s-JjjlAII jLlJ J 

Aijj ^JC- 1^*-^* !_jLj ijiLali'l AjJLt aj^jLa^aJl D -■' J^ 1 XAuU aJi^IJl ,Jjai_6*J ^—I'i-lt .jSij Ai^Jl 

A jjl ji CjI i.jJ ^ ^-Lil jSll a-lA Jab jS^l 1J jSJj _J ^V.^/l CjLs_j1 jJi AijaJ *jl>* 

ji 4 v ; im & j ij' ^l J 4 - a^^SJl r- kuJ ^AiH^ ■— : >^ ^J-^- ■ . i^i -> "ll ^iiijj jl jxajJj ^j 

.(Mann efa/., 1980) Ac- j—LJl •Jsu^£3 i>^ j— * i^jlc 

^LdjAS *UhX) i-iwil jS ifjlwuj ,^Jli-q 6.3 
Advantage and Disadvantage of Semiconductor Detectors 

* jJIk-IiI Ajj-13 ^ Jj-4 Jjl^j-oJ^ Ajjuj ^—LJi'lSJiI L§J ****J ^^ dj... AjH e jiaJI jjl AiUJa) 

.(Back ground radiation) -uiLLil i*^!^J aILI j 4^ui* - 1 

.AilJaJI ^ya A_J j ^-1a1_4 eJJi AjJai. AjLiJuJ — 2 
. t nirt'l AjUjjuj A-llaj Cj ! . i >ii\ ^Jt Ala J_ouaaJ 4-ulS-J - 3 

.(High counting rate) <ull*il JiJI CjV-*** ^ L>*Jt UJli - 4 

t^j^ajjcjj^ <_ijIl_aSJI ^Lut ^ALJai sj^jS (active volume) aJUa f*Lj^.'j ' j-;' 1 -^ jS^u V - 1 

, JjLJ ^i_ojiiil *jlji A^*-J J ij$\ Jj^ itnll ^ 'Jul Ifc^ji 1. 1 i->j - 2 

^ b Lj-a^A. j- - - 1 (ajIUJI ^aUall) a j^l L^bioJl iUj CjUujaJI LjliJ Jic lfij& ^ - 3 

. Ln*^ -UlUil l^jiGS Jx pX- jll 

.(Adams and Dams, 1970) /(Mann eto/., 1980) 
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^Um*ll9 > *lo*JUjaJ1 



^.l^lj^ll 






■ ■jTutt"-...^ jj\iVfit lilSl i^UJ ^bL^j u^jMj J** 11 ^> J^ 

^LJjtJl jjiJi^Ij £-4i *Ui*P 1.4 

La ^aJ ^jjll ^blLill ?uJb_£ ^i^l -L^ijiJj . I-jA lHaj .-i ^uikjjii <iisl&£ ^—i-slajl aj^jIjjjII 

Aj^MiaJl CjI^xa11_4 LlibUlll uP»j lIiULmj blij Jkc Jiii. j_iaa ^k- kliLk*Jl lIAjo^Jj .(^Uj^i 
£d ukJI jjfr ,jlS jiij .^jS^uaJl Cjl-iMJl a-iA (jiaxj ^Ja^i *jO jj^Ij 4 1991 <1j 4jjIjB 

Jl *4 iln'ifl cJS ^a /ll \jT- iJjulL /-Sl^J 4<Uj£- 25 a^ltl ^ sjjiicil A-^_4a11 Jja 1 j^ *^ ^ ^j!1 



^^^^^^r^^^^^^3r^E^n^^^^jr 



^vj^X ; 




^-^/ 



^■^tiC h 










(2001 ttf jjjaJIJ 4pU ^JLyaJI i-4i ^u (^J ^jiaUJi g-i.jj (1- 4} ^>J1 
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^Um*ll9 > *lo*JUjaJ1 



^.l^lj^ll 




^JUJJJ ^4jjt Jia 4JJaia ^ 4jj£m*p i Ja-a (1- 4} * j^fifl 




j^ *i jl ji*a ijj^ 3 cjj^ 4 jL& ^" a 0- 4 ^j^*t ijfca (2- 4) * jj-^fl 
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^Um*ll9 > *lo*JUjaJ1 



^.l^lj^ll 




^nL...u'i jUajj ^rfjatjl * ^jiS .jTflhin ^jj 4jji**& iJs-j (3- 4) » j^dJI 



Ha 




JBHkb 
- 


I $ '*"" 


V* 

1 



4±4luU) Jila*j fj * im frjJ^i w Til " ; * jj^ 4jj£*jP »JIL4 (4- 4) » J^ndJ^ 
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^Um*ll9 > *lo*JUjaJ1 



^.l^lj^ll 



1 



n^-^L v 




gUjji AJauj j*fiftJ1 frjjJS £jjj <UiauJ) t*y* 4jj£*u& iJa-a (5- 4) * jj*fi]l 




^Jjhwul j^JJ j JjJl Jj>M 0- 4 <-Hj**J ^JjS^* *jI** 4*>*aj (6- 4} ftjj*all 
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^Um*ll9 > *lo*JUjaJ1 



^.l^lj^ll 




gUjL^i 4Ja^ja AJUai4 J>a ^Jji**C i Jfca (7- 4) * jj^flfl 




^jJLaJJI 4^j4jll Jii AJUaia j* Ajji^P »Jh (8- 4} * j>*j1 
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^Um*ll9 > *lo*JUjaJ1 



^.l^lj^ll 




jH^S .»l jl ji*fl (JJjia ijj^ ^"flHll yrf 4jji^C ijfca (9- 4) * j^iJI 
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^L.UJU^UJU>J1 . ^jljllji^ll 



CR-39 lj^S *u&u ijApXj JJ*a 2.4 

j*S1 aLjJ* ^Lail 4ijjia jjJi^xx CR-39 ljL-oH ^ jjift >^l LiSLS IjjE f hVU ^j 

CR-39 ■ i .ViSll ^lJa^it ^ J .U 238 r jJ« jjjfl J2UM ^jjUl giLM Ju ^Jll j 4^Vw*ll 



^-Jl l a 'rtjj»u ^l_b jsu fid *(lxl) cm 2 4-^LAa JUAi ^5 ^ ^jijiiuj 275 //w *il 
jt ijbt ^a ^ j £i*£& Ci j^. ^4 CjLu*JI £j*^j .(OWALBOR) £ > 0.5xl0' 2 gw 

^ a ^juJa^ia LaSj 2.38 Cm J-iaS ^J^ jLiijVl diji-iJ LJj*J JSJoil 4uj| jlajJ jliiiA ^fc^ 

Jj_j a sLulJI JjS elck j-* £* ^; u ^* iljblijj pllib CjI ji^Jl di£ ujiltl j (1- 4) J£*lll 

9.5 cm ^ 11 4jj1 uu Li il£J J *-bs ^_ja CjiJl ^ ii^j 1 JliJl £ kuj iij*JI r-Ja^ 

98% ^ Jj— jll ^_? Ujj 22 S^J CjLuJI C£> -i t ^L3*d £i*=J (Barillon etaL, 1993) 
jil — L^ j — 4 ^jliJjj ^ jjJ jB jjj Secular equilibrium (^j^) ^^ u3^ *^ i> 
jjjtj^Jij 1600 Yrs jj-isj JujiRa ^»jj-'j^ > «"■»'' ft >•& jl jjjjmB j* j1 t Oj^jN 

4_£V! ■"!- '-7 1 JJ till jjlj-311 *_Ete ->^*> ■■■'; - ■> -« b ja ■*»;■■- jaj 3.825 day 

^„ =A Ra [l-r ZRj ] (1-4) :(Azamefa/, 1995) 

Oj^l yu Jl Jj— jU r j3U j-JJl ja / j 4 0.1814 day _1 

Jji! j dlJ^LJ ual j At jMJiJ Cji^J^uJ^ ■ " <■■ a j LajJ 22 AJ'oJij ^ J juJi (J-4J c -^-i 1 -i*jji 

^j^j JiUili Li^j tJ^TI ij^ ^l^u^U l^ilt ^1 ^jj CR- 39 ^—k^LLSJt 4*J=fl '.^ii^b Cj£u 
AiLiLJ^ *UL eLt^j-4 ^ (jl jjjii ^jiiljll Jj£>il .jlt JaliaJ]) ^jLLJ^ hj-^^Bj JjJ^jil j 1 ^- 

i 4j>j 60 friJ Liil jsjJ Jib L-kii^ jSll tiiSjj dib iu j . 9.5 cm J^liJ j ji^Jl ^J=uj jjj 

r ^--i ial .Ljjs JujSUl jU^I j'^ia) 1 -fcuHI 4ji*t l-ml ^L^ljSJI tlaij ^ .(^ajj*jjt sjia) 
a. JoP o9 70±lC°sJji ja j-^j 98% ft^liJjNaOH ^l^i ^jjjj-.-aJl il-^jj-ijA J^La^ 
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jLiLaallj^UlKjaJl 



^.Ijll J«Jd1 




- 2. 38 " 

Radon Gas 

A A A A 



Sample 



CR-39 
Detector 



h (9.5) 



cm 



4jui1 jiLl ^ J- 1 ^-''' jUii'Yl ^>"l £*a» (1-4) J^^l'i 

.CR-39 J-l* ■*' ; ; j:j i<: ^j—JI - « ■■a/ ^Lkij */: ;■■■■-■*.« ^_^1jSI1 ^i jUftl jl^Jil 
^>^c25 g/w^lJ] (U -^ * 6.25 M jJbnj J^ttJI JjImIJ ^jik^Ji jjSja ^ Jj-—"j 
t—SyixX L-juj jySjjll ^i^j jlaLJt f U^ > 100w/oB40 ^l?>il Ajjj NaOH 



C = 



W 1000 

eg 



.(2-4) :(1999 tj-t) 
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. '-AJ3 Jij^'i.H j'ijV^ wlLaj **J J3T "^ eJALi*Jl AjL*C liui jjaiail #-LeJLi Jua J^jjj I fl 1 ■ ■■' L - -JU 

a J «H_j I j ■■■»' 4Jjj^»JL) jjISjAj .'■"» ItK I j . * «1 '■.j- H /ya J-CijJ jLiiil ^JJ^Jl ^ * -^J j) " J-'l^ll 

Jj^-^J 4JtU iiVl A «H » ■•'■ -'; J_ 9 j .ili\ JJxJI J j >j AJU J iJjJJ^j. ^jJI A^l« jJ'i 

£wJj iIiUjmJI j>?.j 4JU ^ LjJt Ul— * ^ jtfVl 4iE£ j* l^jk ^jj 217 Track.Cm ~ 2 
AjS ^LjjJI ,> ^iUI Liii f '.i. ; - r ^ 4*jljfl J133U *ukiS 4fl££ll ^Jt J j- — * J*J <> CtfUll 
Jj -oj j £u pi J aJLuuLi 4jj ]; *N a-i* 1 , uaII ■* JiLiC- Uj ij .4 w'. jj'i 

:*EUJL, j^j-il j^ »j* Jjj*3 jS-ujj 400 x jjjSj ijL (ALTAU) g- _j-J 
400x =(10x)x(40x) = *;'■;■■■" ^ ^-" jjjSj x ^l^Jl 1U.O*) jjjSj = jjjjEjB ija 

•iLUjJl 1.2.4 

,j— a j jV ajJ tl ,-i ojj&iall Ajjjili'j j_jjj jjlj jJ-'jN jjS^^p .^J*""* (J*^ O^J*^ 

j_iSji tjl Ult (yxjail) jLJuft'l ija^J (j^ail Ul^lij £^jj^1) 4^%D jUjV* ^ J-iu 

LjI bxil J '^ '"' ;*' La 1J ^_^=UdU J;-''|l jUjYI ^^t -i«J*J V sli'uJuil _J AjbliaJI ^' «J. 

.(Azam etal, 1995) aJUJI JjIDUI & 3 

p = KCT (3-4) 

^_a JjJlj-Jl jj£> C j tjLSSjyi £±& K j Tr.Cm" 2 iJ^jJ jIjVI Ai 1 ^ /? J1*j J 
bJ-j.jj jLJJVl ^_=1jS Ji_»* Z) jLoi UjL9sec ^j^ itiiil [>j T j *Bq.cm~* iJa.^ ^jfB 

.(4.4) 



D = P/ T = K.C \^ 3 \ — yfi j Tr.Cm- 2 .h- 1 
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jLiLaallj^UlKjaJl ^^^^^^^^^^^^^^^=^^^^^^^^^^^^^^^= ^>ljll JaJUl 



juawi ij»*J ^-'V 1 j'-^/i ^ ijUuJ v^ 1 ^a^ 1 i> ^ J-smi && ^^ c£*i La£ 

.(Barillon etal, 1993) 
* = ^r(2Ow0 e -r/jy (5-4) 

-UjljlH # c j 1.19 Cm s J 21*4 jlZZJ a j->^S ^LdJiJjwwJ^ ^j^^l j-laS < flirt- r J-uU -) 

^ Uil CjUh^ ^ ^ j (Durrani and Bull, 1987) 35° U jbLaj CR-39 *-*MSJ ^jaJ 
:<jjV1 ~a1JjlA\ *_\nn 4.15 Cm ^jL^j Rn 222 J- '^ulA]j i^jQJl ^j^ll 

i?^ (0.005^ +0.285)^ 3/2 (6-4) 

.MeV liJl tUL^,* Aa'Js JLoj 2? a J J 

jr j 1 , yu J j kA ^IjIj a._jj jLjoMI tluU JUya j'J (5-4) ibbi-all ^J ^ *ja w^J*^ -^j 

ildJ^Yl aJj£ ;--^n ^ij r ^n j-^h ^UjVI ^ icio^_iV 7T= 0.402 Cw 

JiiJ S_j * tf = 2.084 Tr.Cm~ 2 .h~ l / Bq.m' 3 J J u j itt^ J j>..^ ifc Jl *J 

*2lfil ctf Jl«n ^jiuttWI ^lj_}iilJl l_«ij tf =0.0348 7>.Cm -2 .J" 1 / Bq.m' 3 



^=V r ( 2C ™#c -'/*«) (7-4) 



:(Barillon etal, 1993) you ^likl^b Bq.m- 3 ^^# £«£] ij^. ^ e_Li'£ll ^J^j 

C 

4 

- 1 - 5 S^ J ( p 214 , PO 218 ) lill ■^y-' 4JC.U1 JjJ j» sli^j JJS» JJ ^>-ij Up Ul 

J (dJU 1 ^"' j '--'' 1 jl Q* .ait- jj' ^JC AJli L n ■* '- ^ II 4a j ^_lt J 1 ! Jjw mmII "ijAi. jj J^A. Ij l£. ._i«iJJL 

Ul it 4 Lis ,jjiSj UUaUlo ,jl wiUljJll j^s jjt -i jaj Jii J J ,v^"i,.. J ,n j jajJ jUI i _Jc 

.1 Cm j* Jj£^ - «.',K1l ^jc 4JjxJk 1*j^ 1.4 Cm *U' Ut^Y' 1 * J- -" n sjii j la9 ; «- — ' jjS, 

^jLuiaJ 4jO sUKUJl -'^'-'' Rn 222 jjJ* J> JJ$I> --j 1 — a. ^fl ^liljll o-lA ^Ua'^u \; '-'■■; 
1£| aa jj iLd^W/l ijiiJ jljJ* ^fr *+*JiA\ (Po 214 ,Po 218 ) Ci\iA£ jj£l> 

i> P< , 21 s = D pglu = <Lr[-±-pos9 c '>j^\ Jj^Jc (8-4) 

° 4 r+h 
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jLiLaallj^UlKjaJl ^^^^^^^^^^^^^^^=^^^^^^^^^^^^^^^= ^>ljll JaJUl 



uUaJI <jS OjJjI) "M*** ^^ uUa -_ s*. 

jjV\ 4 5^UJI flJau u.'u tU mil ^ a jjjl j II j £> Jl aJ J L«j 

(AL- Bataina etal, 1997) 
Cs=l R „C a htlL (10-4) 

Jl J o^J j£> C a j >Bq.m- 3 %^j> i^idl Jib jyljfl j£> C, J J 

JyaJI ^USJ A j tO.1814 day ^j'—jjj jjJljB J-^1 ^ ^„ j *5g.m" 3 *iijj ^jfrB 

^1 — j"lfb ^ji i"ll J*j t j 'IjjjSj l.5Cm Jj-iaJ j*j 4Jj*Jfl kituiZ, j 9.5 Cm i^j'ujj j ^j^ 

.1^60 

t*S SJj Bq sljija. jj ^Ujaji^JI lLiLjmJI j* £jLJl j,>ll jll y4 AjfrUJiyi SulctiU jUJ jLoj LsS 

:*jjVI l^ieuji f i^ v-i. 

A„=C S .F (11-4) 

F = OT- 2 Z (12-4) 

.1.19 Cm ' a * ^"■■■■^ * j^ iVift fljii jjaa - *--*'■ /• j *rn a-ii_jj J »j* ^ --^^ K J -il 

^jgjl jjJl jjSjj *-A**a - J 

A„=^ w .^ (13-4) 

j 1 , — aJ ^jj Secular equilibrium ^.ittl jl Ideal ^Jmi ^UAyi jjl j&ll J^'i jJjaIuiLj 

V^=^„.^„ (14-4) 

^_a ^j—iiljjoil Jjj Ul .4.9xl0" 18 Sec~ l ojbi-j fJfO^ J^UJl ^tt ^ jl J 

:^^L»JI y, a-lUJ jS-sjfi W v (gm) sj!jj*11 

^=^^ (15-4) 

gfjL^j j;* SjH jj 6 J^i iV av _, U 238 ^j-^IjjJ1 ^11 J^Jl ^ ^ 

. 6.02xl0 23 mor 1 

C l/ (/?pw) = ^- (16-4) 



52 



^L.UJU^UJU>J1 



^.yij-ajll 



* jjtfl ^ a^*il j « Bq.kg' 1 £ilJ-^h.jj i,i >.rtjj jj.il j ^ — SI J^Jj ^J_B ^ jjJ jll 

(Azameto/, 1995) 



C = 








(17-4) 

j^ '■*■ ■■" 'a'-wJi a Jl>u _'i 



JL_»ill fc« -*") ^>^iil >^ j 7; j *4 JttJI *. 

I^JDUIL <_ 5 J=*jj Effective Exposure Time 
T e =[T-X Rn -\l-r^ T )\ (18-4) 

Jl — Kill Q*J — gull J*j jl -ii.j ^S j iLijJ 60 ^ jLuJj ^]SJ1 jjt i7*H J*j J JdiGJ Jj 

.^54.494 jj^j^L-j 
HPGe » jUfcll ^^ ^jjiUjaJI uiuiU ^1 j Uli 4&wl LJJa Jjlai <Uj£j ^L*UU1 3.4 

ajj 1 J_i -^ J) 4 c jjaU' 1 ^ ■ *-J ja. LgJ ■Jj^'Ji-J'i oj^i ,Lal£ jjull Jja_u _jll ^^jJkj j^j-jUuJI 

J j.v^"....^ ^yaUl JjSlJj tii^l jil CjlsLkM ^J JasJl AjjILJ j ^Uiil Ail j Jdlajll 

(2-4) JSJiH ^i i^aj-4 USj ijO o jja^il J* USUI 



HPGe Detector 








c lam 












i 


k p. 






L.l> 


* 




H-V+ Pre amp 











Multichannel 
Analyzer 



LiLS AjjuiI LJLiiJ Jliu 4uiji±iit rLidJJ (2-4) J^t^ll 

High Purity Germanium Detector * jliill ^U ^jjJUjiil y-a^LS - 1 
h jj ^1 ^ji cm=>J jj^jjUt JiLui IjjjIjj Jj-a>- CANBERRA.85 ** > 

. ^L^^Jall J^j J«il *-UGl i^itt&fl o jjL ^ JaliaJl ^uj^UI SjjaJ 
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High Power Supply 4JUU1 & jjiil j£*j - 2 
f jjjU^sJ ^LilS 3200 Volt l+i-J ^jBj tia&I Jj» ■ .nl ^uj^Ul 4Jj]jiS Jj a >\i fjL 

.(0 - 5000) Ko/r J* ^Jjili ^ji ^ ji^Ji 1.1* ^_£hj * jlitf ^ 

Pre Amplifier (jJjjjYI a i - a ^ - 3 
J jJii_j l^tLiul jjj*li Jibj < tiMSB ^a sjJjJaJI 3 > ajJI JAj^oj -jIJojYI ^LjJs^J^ a_^L 

.Signal-to-Noise Ratio gja^JaH ^J 4 1 in nil jjj 4^11 
Main Amplifier c^-^ jB tfMiLd - 4 

^ ilLa.1 jl j aJ j il jia 4Jj 4jfi pLJaj-Jail J^LJ^ iuJaoJll JjSirtn *jjsu LsS t^jllui jl <if ^ 

4 > h ■ iB <*ijj -lLLIHI 4 1 s-mlli 4ju Jjj Uai 4£te kJ *-ujjil ( ^ .i-mfl ■MP^.j .Uni. Polar ^jikill 

/Gain ^jJl j <lLLL jJI ^.jailll jjuj ^11 <i jUJl ^ ■ ^'^ 4j_ui Jjj 4_luu11 ^it l3^ J *^ jILaJ 

^l_it4 kJ k. jl*aJ i^iW ^Attenuation Factor JjajJH J* 1 ^ j#£l ^jjJI jjjii jS-ajj 
Ci—>U] jL-f±\ ^_5 lJj (0.04 - 10) Sec ^idl ^ Time Constant ^Jfl -JjjUB j^iil 

. 1 Sec ^1* jM 

(CANBERRA - 85) £ J>*i (MCA) ^t>*II JjlU JJaVl JJa- - 5 

*—}jJlL* ^b-^L^ ^X ^ j ilia 4096 ^k. ^_£*j CANBERRA aS>1 > je- US 
^ aJU-A dj a. j j 4j^ JjU_^la11 sia.jj ^jjSb ^^Jt jjLuuliU jiuy./v j Micro Processors 

4j uyj^l ajj-all J * \^i...*U e jj.a^fl j jl j -^ U /j^j lj.il ji] ^ CjLijlfcaJt JLLJ iJijj sjLiVl 

. fiji^il UiS ^il ^iUk^ Joi*j ^ AjllxJt 4j>i5 jljiJ^ ^ 

* — *jlijMulti Channel Scaling oj-i*!*!! Llal^jiil ^jj^j Pulse Height Analysis auijjJI 
ai j-J 1 ! ^>^6 4 ;iiaaJl ^Ljiuil j^jLuil* ilA ±M Ai*l* Jla-oB * jaj Jj .List Storage uj*^ 



aj J J JJ; j j\* i rt -LoJfl uJ£- LLD ^limfl JJaaJ 11 J-^3^ ' " ' -'"^ -f' ,J -*- l V' L 'J^ ^JJJ^ s J fl—a 
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J^ a. J 4 Dead Time jL*i.yi ^j* j fJaLj CjL^ill i_dc.l J-**^ ,*£1 ^iljj ^-1 ^5 .^-^ 

Vertical Full Scale (VFS) tf ij-J gjjill - 1 
Expand And Window Functions - tjhtt £^_£ *Jic-- t_i 

t_j Slj^l d j ia JuJi* Regions of Interest (ROIs) a^ ^* ^ — «jaI j — ialli - _ :x 

tU — 4jiull Jii) Transfer Function Jilll ejj*j Jjjli^a jbft^ 3 UbN Overlap Function 

.Index Function iiV-aJl * Jj* iLLnjj 
Energy calibration 4SUafl * jgbu 1.3.4 

J] .o-jjl ull * J-4t JXL Jk4 -LjjIImII Aj jUaJI eia._jjl jlAaJ jS-4J_J t^JSlSy* (^>J jl ASli) 

J j L-aijl p j AjjllLS j^Ldj ijj'jLAil AjiwJ C-UtJiluj 1 ! ^S_a ^Lk-jjjiJ^ '^ *j*^ l^uLfij Cj^ jj-ill 

jj^LS jj ^ fcfl r^ ; ^ia Co 60 jLcx Ll9 o9 IAEA 4j>iil aSLLII 4J j j ^^ l> ^ 
J-SliiUJ jIjL4^ J^^^Ii dijjj 662 keV AaL^l jfe Cs 137 j(1332, W0)keV ^ 
Ja^ai l±JUa J l^Jt Jj.rt-hB ^j ^jB CjLukII jaL J^U. j* Jij Jij (keV I Channel ) ilfi 
(2205, * *t H '— tljlSLL tljb U 238 ^lUU J^UjI ^> giUB j Bi 214 ^y Jl j_^ ij^ *-ulS 
oL_£ ^^jliJl a jUli^j & >^ ^^ >«.! Jj.l765 5 1730, 1232, 1121,609.3) keV 

.1765 feK AiiLkJI jj ^l£Jl JaiJl 

Net Area Function * jjJffl da^ ^fljiVI ^aLwmS ujIwa 2.3.4 

4^ljL^yi -UiLLJl ^^ -i*J .j^jii^Jl ^jJJ ^JtSljll ujI^JI J-j^u .jr^MJ Ail^ail UIj ^ 

Net.Area = Y j Xa-(NI2).(B l +B 2 ) (19-4) 
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^L.UJU^UJU>J1 



^.yij-ajll 



i Sj_ i >i_JI Jj *jj jLiy 4jil±J AjuiV B 2 iB x j sliljjifl jjfr JV = (v-m-l) Jj^j J 

it U jj-il] 4idaJ AiLuwll l-jLuia. AjL£ (3-4) JS*111 ^jjjuj 






A 



TV 






i j ; i' OiJ -UfijAii} 4&Lu*fl t-jLuiaJ h^v., (3-4) J 5 -^ 1 

CjUaJI ^ j i " Vt " 11 ^jgdl jjjj^ j^> J^Aaj 3.3.4 

*^J D ; ^ '*' uluj ^-^ J£ .J-* 10 gW ji j_^> w^J-^ -^ CIjLukJiI LJuia JjlaJ AjIaC jJQ 

-ual ball ^i'uuwJl |&ja tJ Jt Jjirt^B jajj 20gml§j j_j ^i ^UuJjaA ajj*U l*11j£j jik^L-i oiJ 

j£ji vjUi pi* ilillaJl di£i ^U 238 ^j^ljjJl ^ Jj«5 ^1 1765 KeV f-SU ^nWl ilaJ 



,1 



— x — 



r238N 



X w 



uVl ^_a^L*il ,-1^--- -J; 



.(20-4) 



(19-4) 



j ,Jl_£i^ ^lt Ajj-iLill ^L*]lj CjlLaJl ^ ppm Cjl.li.jJ s_xJal<i!l pjJdljjjJl JjSjS C J C j 

.^jiJjiH AjjjJIj ^usJt jjj W s / W 
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w 



m 



/uloLL// (Jjl ^* q " 



4 v fil l 



j 



Lull 



Utl 



'J 



m 



m 



^ b Juiu ^liliLiiAJ lAjLiljlj ijj$JIj Wiiill fU=uJ ^t ilttjja ^j11_j jLc. J£Ji ^Jd ia^iill 

Jj_£j U 238 jU 235 j DU JV ^j ^4" JjSj Aj^ 11 ^^ (^ (DU) ^i.=ii^t ? jjj1 jjjIL 
CR-39 j; JJ— U >^VI - « ■■■!< * ;^ ^JjVl :j^nC jJ-laU ^ ULaJt LnJjJ ^i 

^.iij lull ^jl j > LuLSJ^ X±*^l1 .j-ajpJ aJ-ii-* JjcjLj JSJJ J /'' ^ ^- •'■ %ja'i j Cjt ji-i. - 1 ^"- '■ ^ 

aj -> -h II <J uU%Jt JLjuV^ ^jit ,L£hj ^iB J5T jLUj^I tljjj L-jLuai L-iU=QJ ujI J"J ft-1* Ji* 

ji ili.1 ^ 1 ^ .fk-^J Ul*^ i_LlLSJj ^J-JiJ 1 4jjl jllj <0_J-i mmH llll fljilrtll J-^J ^ lYV'll 1 Jl 

^ 1J bLu uik J iUtl ^ LMSII rtiaj^i^ Cj'lJJxJI J^J Jj'uuwil! 3 «LalViiimN Cl^ jajJl jUaSt CjL^aJl 

Lli *jtt ■• a 4 jIcj .JLfcjyi ^ y^ Wf^>*J ^ ^1_? ^'-^ bjj£j*H ^UJabjll CjVjLmII 

y 0.402 Cm ^j^i K* *& J ^J-^jj 1.19 Cm U^u ,i-n 4,-uljkiJ ildjii 

0.0348 Tr.Cm-\d- l /Bq.m- 3 jl 2.084 Tr.Cm' 2 .hr~ l I Bq.m' 3 

1 *S CiUjaJt Lg-La Cj-^L^ -jJI J^bU^il ^jJt IjjU jjM_J kllLiJaJl J_£joj (1-5) J^iiJl ,J^JJ 

.CAiiAJt Jib o^jfl J^>J tP 1 ^' Jf^ 1 ^ JJ-^' J^>J ^ iIjUjmi? jO UIjS O^ji 

. 5 gm '^1» JS ^£ ^'.S ^SJIj CiUaJ^ > 9.5 Cm 

J^^«JL C^LS ^-jajBack ground -u^b^Vt -uiLSJt c > ^j (2339-5380) Tr.Cm' 2 

.217 Tr.Cw" 2 jjLi 
£ jl JL ^t^^Vt Sja^JJ ^il^I j^t ^4 OJ^ 1 J 8 J^> J (I" 5 ) J>^ J1 t> iii ^ l ^&3 
^ — wS ^_ bl_j ^J'l* — lil ^4wjJ\ ,^-ii *uia^ >j D aLjJ 1.121xl0 3 5g./7T 3 ^ua Js^ Jjj 
jl ' — Jt .^fi^Jall Jp4 >iSt ajLjj jl ^'jj_^ iiaa- -^bJ-4 [> W aLjJ 2. 5S2xl0 3 Bq.m' 3 

0.773xl0 5 5^.w" 3 ^jiL iia JjlbJl Jib JjJ jM j^Jii ^ Jat L*l .^jtj^iiUl 
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2&iiU11,»ikul1 



j^mijaaii 



^J^j—H J^JMJ jLlTH *«LiSj 4-jjJ*ll JJaLl*il j^JC l^JUjjJJ ^UJJtll JjHJ Jt*JJJ (1-5) Jl>^" 

»jUj*11 JAIJj ^Jl^l JjaJl ^ 



Ctf^Jb «JlaB«d£i 


gij^jH aJU9asL& 


djlljl 4JU3 4JL3 


jUVl «L3liS 






^jLlaji jitj 


iiLba j»i j 


yfljta >ji ^i 


p(Tr.Cm~ 2 ) 


>*J 


|MjJ 


C s (Bq.Kg l ) 


C s (Bq.m 3 )x 
10 5 


C a (Bq.m 3 )x 
10 3 




4_LaJ! 


*UJai*il 


216.8 


1.624 


2.356 


4910 


A 


J-J* 


138.6 


1.038 


1.506 


3138 


B 


A 1**J\ 


164.6 


1.234 


1.790 


3730 


C 


^LwJl 


103.2 


0.773 


1.121 


2337 


D 


163.0 
153.6 


1.221 
1.151 


1.771 
1.670 


3690 
3480 


E 
F 




Jj ** 


125.0 


0.937 


1.360 


2833 


G 


tfji— -a 


142.0 


1.064 


1.543 


3215 


H 


j*aS p\ 


139.0 


1.041 


1.510 


3140 


I 


168.0 
137.0 


1.259 
1.026 


1.826 
1.488 


3805 
3100 


J 
K 




e^J^-5 


179.4 
129.4 


1.343 
0.969 


1.948 
1.406 


4060 
2930 


L 
M 


. tftn! 




173.0 


1.297 


1.881 


3920 


N 


J Ja-J 


184.0 

186.6 
231.0 


1.378 

1.398 
1.731 


1.999 

2.028 
2.512 


4165 

4225 

5235 


O 

P 
Q 


4-wUJl 


J ahi^P 


-V 


uj j 


229.2 


1.718 


2.493 


5195 


R 


aj^J— S 


189.8 
184.8 


1.422 
1.384 


2.063 
2.008 


4300 
4185 


S 
T 


j i fit 11 














4 h*h rtj 


170.4 


1.277 


1.852 


3859 


U 


E^JJ* 


4 U-^ - 




148.8 

237.6 


1.115 
1.780 


1.617 

2.582 


3370 
5380 


V 

w 


E^jJ* 


234.4 
215.0 

9.600 


1.756 
1.611 

0.072 


2.548 

2.337 

0.104 


5310 
4870 

217 


X 

Y 

Z 




i [iliTf 


A^frbuiy 
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Jj W aLjJ 237.6Bq.Kg~ 1 jl 1. 7 8xl0 5 Bq.m' 3 C-uLS ^ ^1 j D aLjJ l03.2Bq.Kg~ 1 ji 
. 173.76845^Xg _1 J 1. 302x1 5 Bq.m' 3 £b ^jiJi^ CjL^JI ^ jjjjll j^S^ J*« 

<jiaj_*jll Jj-ii Jfr .-iLjjW. (ICRP) pU-iWl j-4 ^ULkaJ] 4jl>lil ^Akidl L^j^lj _*] 

^JlijB ^j£| ^Jj (200-800) 5^.w" 3 AiO j L$j c>M Jl jjiaJ J^U j* JjJtjil jUJ 
■jl >■ 7"' LjjJt UL^ai J]i gLiUUl ^QiiXa J*j ii-LilUJl ^ D AjJ£u*j ^^ill ialklj 4_d _^11 

j it AjjLsJ! i_iiljil^ al-liiJ jS^J Lugj ^JaJJ AjjUI <Uj_4iaJ 4iJl t* (J^'aJ' ejjJsi ^11 

.1991 4Au* 4jjU]1 /TJ^^ '-^J^ l^ :j11ajM j!j3 ,Ji2 Jj-4 LJuaU^ aj^jIjjjII 

_>^*j(2-20) mSv/yr^—^uil * j«jihB JjJ_^Jl > ^itl ja ^Jtj (53-123) mSv/j/r 

.(Abumurad efa/., 1994) LyjE CjI j* 
CjIjj Jjt j JUill pjjjl jil ^ ji-n-j JjJ* jil jl*J *Jtl**S^l -uk-lill ?T^a_aja (2-5) J>M L*l 

£ 

aLjJJ 10.4375tf.As~ 1 *-J JH jjj £jl> Jsa rJ jJljil j£> Ld .LyjiC F = 6.673x1 0" 6 m 3 

.W aLjJJ 24.027 Bq.Kg x <*£ Jc\ 3 D 

J j3 ,j a Cj Jja.1 4 ±ni A uii jJ jk JJ i-aJI lj ^j * J'l ejl iV- jJ aJ 'laaj 

j, — i^^jii — ]ia.j ^ij,.^ jjaj jjjjii j eji-ajll) (_jlalia <"iU*j (Saleh and Meqwar, 1995) 
£j_U j 3 (62-275) Bq.Kg- 1 & ^jl> ^J j£\ JS jl ^1 ^jUil (^ji^t j ^JU^l 

Uj aJ ^ k- tlj hJu k -jil ^L^kll ejjiil jil J_oaJ ja I^jId i'^- — Jill ^1^ fH^^ aJA J^ 

J^_j5 ^ — « 4 — J jj Cj — jjil J — iu j 1 J — *^' £ J 1 — ^ ^ J — il tS^ 1 — " i^ 13 — H 1 — *^ 1 — *' 
Cjj—J^ ^i JinVinmU *LijJ^ d j-* ^>l ^t^l ."iUui jj^ll JLa^i <Lbl* ^ (Azam eto/. ? 1995) 

O^j tlo-j.jljj ^j-TpljB j-^ l > J J-^j -^^J 4 '-^ ^j-d^J 1 * J^ 1 ^ ^^ Jj^j 
ji£l> J ^3 "i=u ^a i^it LLk^ ^ gSUill ^^U >j (0.289-3.138) 5^Xg _1 
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dj^UlUfrltiill 



j^oUllJ^ll 



^jojIjjiII ^jj jjc j juui f jiJijii l5>u-j Oj*^ 1 J 1 ^ -4*1*^1 *^U" 5-^jj (2-5) Jj^i 



Cu(ppm) 


W u (gm) xlO' 6 


TVyXlO 17 


JUM 
C Ra (Bq.Kg l ) 


A R „(Bq)Ctf»Jl 




17.49 ±0.25 


87.541 


2.212 


21.928 


1.084 


A 


11.18+0.20 


55.902 


1.414 


14.014 


0.693 


B 


13.28+0.21 


66.418 


1.680 


16.658 


0.823 


C 


8.170+0.17 


40.839 


1.033 


10.437 


0.516 


D 


13.15+0.21 


65.746 


1.663 


16.479 


0.815 


E 


12.39+0.21 


61.951 


1.567 


15.541 


0.768 


F 


10.09+0.19 


50.446 


1.276 


12.652 


0.625 


G 


11.39+0.20 


56.930 


1.440 


14.358 


0.710 


H 


11.07+0.20 


55.348 


1.400 


14.023 


0.695 


I 


13.52 + 0.22 


67.604 


1.710 


16.993 


0.840 


J 


11.46+0.19 


57.286 


1.449 


13.844 


0.685 


K 


14.48+0.22 


72.388 


1.831 


18.132 


0.897 


L 


10.44+0.19 


52.186 


1.320 


13.085 


0.647 


M 


13.96+0.22 


69.779 


1.765 


17.506 


0.865 


N 


14.85+0.23 


74.246 


1.878 


18.600 


0.920 


O 


15.05+0.23 


75.274 


1.904 


18.868 


0.933 


P 


18.64+0.25 


93.183 


2.357 


23.379 


1.155 


Q 


18.49+0.25 


92.472 


2.339 


23.200 


1.146 


R 


15.32 + 0.23 


76.579 


1.937 


19.203 


0.949 


S 


14.91 + 0.23 


74.562 


1.886 


18.690 


0.924 


T 


13.75+0.22 


68.751 


1.739 


17.234 


0.852 


U 


12.00+0.20 


60.013 


1.518 


15.050 


0.744 


V 


19.17+0.26 


95.832 


2.424 


24.027 


1.188 


W 


18.91 + 0.25 


94.567 


2.392 


23.714 


1.172 


X 


17.35+0.24 


86.739 


2.194 


21.749 


1.075 


Y 


0.775+0.05 


3.8740 


0.098 


0.9690 


0.048 


Z 
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dj^UlUfrltiill juoUllJttJll 



wLL 



.1991 iiuft *UjO -y;^ 1 ^ LJji -S ■ _ ^ Wi^H ^jdjl jjjB ^Julji *\ 

j D ajujJJ <aojL9 JaSl 8.17 ±0.17 pprn ^ ?■ jl jD ^ j^jjjII jj^ji jl ^XJ'd jJ-iaJ <j*j 
i — Lcjil J— ii -UajaJ ^jjjIjjjII Jj£> JJsw L*l . W dLjJJ aoi9 oltlSl 19.17 ±0.26ppm 
<jl_£ j_^=a <J- J ji-^a £—}jl= 3j— a- 4 ihialj 12.654 ± 0.2p/ww J— Sa ^L^-ill 
ttkidlj 13.038 + 0.2\ppm JS 4j*LiH j'Jmj ^Ji*!! ej jj£ -Ahinlj l\.692±0.2ppm 

j|l — £ ^Uj_ji J i-nn JJiialt ^ij 16.482 + 0.23 ppm ,jIS ^Ijjji. 4 n-rnj ^ « In^ 11 ejJ.£ JJJ 

4jtU_^yi 4 jtUB Jb jpu ^Jll ? jjj1 jjjlt JjS> J JjiaJfc jjju U£ . 16.236 ±0.23ppm 

^JL_Lc j_-4 4_j>tf 4jtU_^i7l 4jil±J J LJt 0.775 ± 0.052ppm ^J LajL^ jii-sfl ^ 
/y j lIi a.jl ji _j ■ -~ jr^ 4 ula .- i J*^ ul 3 U^J ^ J - S • " '■'' " - -^ 

.(1997 >^-j*a ) (0.2-1.2) ppm 

a jj^l J j£j lb jJJ aJ 1 j a j . 65 /?£TO jjSjpll <L4jl*ja *U*jbill iiwJl ■ ' c ; ! ^ £_a lIjUjaJI 

(-* aLiaib ^l) £i>*lb ULUm -JjjIS 1765 feK^LkJil ^ ljIWI ma^ jt AajUB ^ j^IjjjII 

.2615 keV**U*n i& Th 232 ^jjjiil] 380 j 637 ^ j 1 ^ ^ j^j 4j*-UH ^ 

^jJOJj L4S L ^^ '^-^ Th jaj^jji] 1 ! j U ^j^J^ jjjII sjij^ Aibjiia ?uJaj^ (3-5) Jj-iaJl 

Jal jAj 9.74+ 1.41 ppmpjjAjjdl JjSJj jli D -ijj*JI ^ii .CjliuJk ^ oJjSj^ ^ ^jft 

I ^J ^j_jj1 jjjB jJSJj o 1 ^ W kJLiJcJh Ul . 48 Lj-^ aIjJ] ijjiil ^j <ib-LJl CjjISj <aJ 

jp aJ j rtj .98 Ljjuij -UijJJ ijjiSl Lliii ^iLuiAll LliilSj -^4jfl ^^itl _^Aj 20 + 2.02 ppm 

± ^'* U1ij(U 238 / Th 232 = 0.52) Jj^h j- ;: m ^a ^jjj>Jt ^ f jjM jj^Sl -u^j ji jSjIL 
^j—bl _^aj (0.67-1.25) jjj Ci».jl> CjQjaJI JS1 ijbj CjjgJal j5 ^UuiiB *jA jl JjisJ ^ 
J ^j jo-iy b« 4 f jihB U 238 / Th 232 ^L J3UJ ^LiA J ^ Jb U* 4^j,iViW -u^M j* 
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dj^UlUfrltiill 



j^oUllJ^ll 



^-J ^jojijjin J^jJjTh 232 >jjjjpiijU 238 *jjHij*u *JJ^ ^*j **L***ii j5*-ajj (3-5) Jjiiii 







iULuuJ 


AiU**il 




U 238 /Th 232 


f J^JJ* 9 JAj 3 


ftJijjJl LOJ 


jjjjjl ui; 


>J 




Cu(ppm) 


Jh 232 


u 238 


<Ufd1 


1.14 


18.97 ±1.96 


81 


93 


A 


0.88 


12.04 ±1.56 


67 


59 


B 


0.80 


14.64 ±1.72 


90 


72 


C 


0.67 


9.790 ±1.41 


71 


48 


D 


0.85 


14.28 ±1.70 


82 


70 


E 


0.83 


13.67 ±1.67 


80 


67 


F 


0.95 


11.83 ±1.55 


61 


58 


G 


1.26 


12.85 ±1.61 


50 


63 


H 


1.05 


12.65 ±1.60 


59 


62 


I 


1.18 


14.28 ±1.70 


59 


70 


J 


1.03 


12.24 ±1.58 


58 


60 


K 


0.89 


15.30 ±1.76 


84 


75 


L 


0.83 


11.63 ±1.54 


68 


57 


M 


1.24 


14.48 ±1.71 


57 


71 


N 


1.05 


15.51 ±1.77 


72 


76 


O 


0.88 


16.12 ±1.81 


89 


79 


P 


1.22 


19.79 ±2.00 


79 


97 


Q 


1.46 


19.38 ±1.98 


65 


95 


R 


1.43 


16.12 ±1.81 


55 


79 


S 


0.98 


15.90 ±1.80 


79 


78 


T 


1.00 


14.48 ±1.71 


71 


71 


U 


1.15 


12.44 ±1.59 


53 


61 


V 


1.25 


20.00 ±2.02 


78 


98 


w 


1.20 


19.38 ±1.98 


79 


95 


X 


1.41 


18.16 ±1.92 


63 


89 


Y 


0.52 


1.020 ±0.32 


19 


10 


Z 
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dj£k2U11**lLiil1 



j^oUllJ^ll 



jjlutiJl >iJ LfjJC Jj*aiil >. 


w ^.' gtiLull 4jjLA* £*flj (4-5) j j!i_. 


Cu(ppm) f jpUfcl Jri£> 


Cu(ppm) fjJjjgJI JjS> 


>J 


HPGe t-i^Li <Uii 


CR-39 ^^LS AjSCj 


4JmA 


18.97 ±1.96 


17.49 ±0.25 


A 


12.04 ±1.56 


11.18±0.20 


B 


14.64 ±1.72 


13.28 ±0.21 


C 


9.790 ±1.41 


8.170±0.17 


D 


14.28 ±1.70 


13.15±0.21 


E 


13.67 ±1.67 


12.39 ±0.21 


F 


11.83 ±1.55 


10.09 ±0.19 


G 


12.85 ±1.61 


11.39 ±0.20 


H 


12.65 ±1.60 


11.07 ±0.20 


I 


14.28 ±1.70 


13.52 ±0.22 


J 


12.24 ±1.58 


11.46±0.19 


K 


15.30 ±1.76 


14.48 ±0.22 


L 


11.63 ±1.54 


10.44 ±0.19 


M 


14.48 ±1.71 


13.96 ±0.22 


N 


15.51 ±1.77 


14.85 ±0.23 


O 


16.12 ±1.81 


15.05 ±0.23 


P 


19.79 ±2.00 


18.64 ±0.25 


Q 


19.38 ±1.98 


18.49 ±0.25 


R 


16.12±1.81 


15.32 ±0.23 


S 


15.90 ±1.80 


14.91 ±0.23 


T 


14.48 ±1.71 


13.75 ±0.22 


U 


12.44 ±1.59 


12.00 ±0.20 


V 


20.00 ±2.02 


19.17 ±0.26 


w 


19.38 ±1.98 


18.91 ±0.25 


X 


18.16±1.92 


17.35 ±0.24 


Y 


1.020 ±0.32 


0.775 ±0.05 


Z 
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> j jjltjjgll jiLaJ J ^Jjjj/ ^T"/ 1 ' 1 jl^jK-11 Lf5 i^_^u ^/'■J:^ J Ajju^JI p-LjjV^ Jjjp J A-iaLaTl 
J. -^a-V e j'i jjl 4 jI jJJU ^iu uj Aj hdi j\ Aa 4.5 J jLuiJ fti ■ — ■ t M e ja£- jl 2) v i U rt'^ll 

s i_-t»i.vi J) ^>j ji os-j j#Ji LJXiYi j j ^jja* uj ^J j^ ^ j (4-5) jj^b 

■ Ly (1-5) J£*U! Jl-J J «UU11 JSJW1 ^1 £*i j- 'j 1 ;'-' fj (jjfl LJbj*J* ^i JI 
'; ■- 1 /^ 4JpJ jfr guLII ' -^ ry-ajn (2-5) JSJJj jr- -" Jib ^UfrUJiyi AjaliJJ JJUll 
JS_^i]| Ld U 238 ^#1 jjjU JjS> ^Jul J& ^^ JJi j W tiadl wiuia (3-5) JSJJ jjjuj 
^Lia Jl^a (6-5) JS^JI Ul S *J»JI <-i±± £>±<n (5-5) JS*a j Q 4j*jl ljjL ^-b>ja (4-5) 

£ ™ ? ,^-j ^1^1 ^Jt \A62keV j 662 feF uliLUl oitK 40 ^j^UjJIjCs 137 ?jj>-11 
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2&iiU11,»itul1 



juoliJIJ^I 



Back Ground 



i* 



K* 



V^ 



\7*> 



t/> 



o ^ 



n * 



<b* 



^ 



U-238 = 1.02 ppm 
1.06 KeV / Channel 




\* & & & & ^ #& K & ^ ^ rfp ^ % ^> 

No.Channel 

JiU 4^>la*Sffl 4jalaJi iA>u\ US 4±a _*Ja £-jjj (1-5) JLAJ! 
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2&iiU11,»itul1 



juoliJIJ^I 



*-» 
c 

o 
o 






ft 



Standard source 



U-238 

1121 

keV 



K-40 
1462 
keV 



U-238 
1765 
keV 



U-238 
1379 
KeV 



1) 



y 



U 



fW 



U-238 
1730 
keV 




U-238 = 65 ppm 

1.07 

KeV/ Channel 



Th-232 
2615 
keV 



Th-232 
2104 

keV U-238 
2205 
keV 




i Hi iii 1 1 ii 1 1 ii 1 1 ii i nmn i 




«p #* K & ^ ^i^ %n tS> %bi 



& 



No.Channel 



<Uyyym <u^st & £0 uii 4x*» -tih ^sjj (2-5) js*m 
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2&iiU11,»itul1 



juoliJIJ^I 



Sample.W 



^ 



K* 



V^ 



\tf> 



o ^ 

o 



1* 



& 



# 



u 



K-40 
1462 
KeV 



U-238 
U-238 1379 
1121 keV 
keV 



U-238 = 20 ppm 
1.07 KeV / Channel 



Th-232 

2104 

keV 




llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 



\* & *\* <1* <& ^ Jf> ^ ^ ^ jff* ^ 

No.Channel 

W 4i*li jjUJI ULS 4ju^ ^Ja ^i.jj (3-5) JUfl 
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2&iiU11,»itul1 



juoliJIJ^I 



Sample.Q 



U-238 = 19.79 ppm 
1.06 keV / Channel 



(0 

■+■> 

c 

3 
O 

o 



** 



<l* 



v** 



v# 



vtf> 



n* 



^ 



* 




^ <(P #* &* <& ^ ^ ^ #& ^ rtfP % ^> 

No.of channel 

Q <U*i i3j$ ULS 4xJJ LJJa ^ijj (4-5) d&dS 
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2&iiU11,»itul1 



juoliJIJ^I 



& 



«* 



<v%° 



\& 



o 



n * 



# 



tf> 



Sample.S 



U-238 = 16.12 ppm 
1.06 KeV / Channel 



K-40 
1462 
kev 




\* N eP ^ tfP ef^ tf° ^ ^ ^ N #° ^ N el#* <i* ^° ^° t^° ^ ^ 

No.Channel 

S 1i*JI J^UUt ULL 4jl*I ^Ja ^ajj (5-5) jiiJi 
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2&iiU11,»itul1 



juoliJIJ^I 



Sample.W + Back Ground 



& 



n o 



& 



& 



c 

o aP 
O 



^ 



tf> 



N o 



K-40 

1462 Sample .W, U-238 = 20 ppm 

Kev Back Ground, U-238 = 1.02 ppm 




► 

► 



tfP & N <1* #& N ^ ^ ^ ^ ^ ^ ^ 

No.of Channel 

4rfUJW *UiliJi ULS 4ju^I LJJa ^ W <L^fl Uli 4*^1 tJJa ^ijj (6-5) JS-iJl 
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tjj—i ^ji>^j ^-*jS ^ j— a a^is-ji itjaj; £jLij „i j j u (200-800) 5^.w" 3 ^iiJi 

.(2-20) mSv/yr £JbD aj^^*^ ^^uilafl Jiil <> ^Jtl jftj (53-123) mSv/yr 

j— » i^J ^-J^^H j ^_? l>"J J ^ J ^ l — ^ ^"^' lJ ' ^ uaU^ aj jijrtjjjjl j j£^ji jl .3 

j— j^b (0.2-1.2)ppm *jfrUi5yi ^imi ^ujU ,i*J t> ^Je.1 jA (20ppm ^ 8ppm) 

. *£ jd AiiJi ^J jaJ ^ btbuij UjC j tj 1 ) j^y i** ^?j* *j* (20) 

j ,— ^ j-^tb V;: 1 - 11 i^t ^t sjLj jjj^i ji k^ijjnii ^i (u 238 / Th 232 ) ^-j j -4 

■ ,■■•-■-" fjjiljjail ^ ajjU .Julia -l^*.-j ^j j^ u* U 238 / Th 232 =0.52 'ASJui 

* ;'^-J ilil_Sl 4 JjUlc £JL_JJ sJJafcl .Jill j iJ jill eJA ^ r.^V-J j£Ul jj*;'^M1 J ,5 

* ;';;" (111 JjiJl ij ^l».^H jjiSljfill ^ib i pi 4ju*a11 jj-aUsJI jt < lix&II ^J b^l-liU 
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ABSTRACT 

Twenty five samples distributed over five locations on the 
south part of Iraq near the unarmed zone between Iraq and Kuwait 
reaching Saudi Arabia have been studied. The investigated locations 
includes North field of Rumela, Safwan Um-Kasir crossing, Kdera Al- 
Uthma, Al-Shamyia airport, the region between Kdera Al-Uthma and 
Khornaj -station and Kornaj -station region. The aim of this study was the 
determination of depleted uranium (DU) concentrations in the samples 
which consist of a mixture of tanks and military equipments remains part 
of depleted uranium missiles and accumulated soils on the military 
equipments and around it. 

The CR-39 and the HPGe techniques have been used . The 
obtained results reveal the existence of an increment in the concentrations 
of the DU ranged between (8.36-20) ppm over the natural concentration 
limit (0.2-1.2) ppm. 

This can be attributed to the use of missiles contain (DU) 
penetrating projectiles. The measurements by the two techniques reveal 
also that their results were in good agreement which indicates the 
possibility of using these techniques in the detection of radioactive trace 
elements. 
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